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PEEFAOE. 



The Class-Book of Chemistiy published some ten years 
ago has been rewritten, reillustrated, and much enlarged, 
and now appears as essentially a new work. Its aim is to 
present the most important facts and principles of the 
science, in their latest aspects, and in such a manner as shall 
be suitable for purposes of general education. 

So rapid is the progress of Chemical Science, that a 
book upon the subject, however faithfully it may represent 
the state of knowledge at the time of its publication, re- 
quires frequent and thorough revision. The past ten years 
have been remarkably fruitful in new facts and principles 
bearing upon Chemistry, the most important of which will 
be found embodied in the present volume. 

New views of the nature and connections of the forces 
have been accepted in the scientific world, which compel 
a new treatment of this branch of the subject. The old 
notion, that the forces are separate and peculiar forms of 
imponderable matter, has given way to the idea that they 
are closely allied and mutually convertible forms of activity 
or motion in ordinary matter. The older views are held 
to be self-contradictory, and as they do not explain and 
cannot represent the present facts of science, they are 
abandoned by the body of advanced scientific thmkers 
of the present time. The newer doctrines may be still 
incomplete, and are not without their difficulties, but they 
are more simple and rational j they hannonize with the 
later facts of discovery, and open many new paths of in- 
vestigation of the highest interest and promise. 

An earnest desire to make this book a faithful reflex 
of the present state of Chemistry, and its connected C|ues- 
tions, has led to the adoption of the more recent views, 
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and to a rnnch fuller treatment of Chemical Physics than 
was contained in the earlier editions of the work. It may 
he proper here to remark that the author has taught these 
views for several years in his lectui^es on the ' Chemistry 
of the Sunbeam ; ' the section placed under that title in 
this volume touching only a single branch of the discus- 
sion. 

The work will be fomid to embrace also other subjects 
of recent investigation : as ^)ectrum Analysis and the 
elements discovered by it ; ftof. Gkaham's interesting 
views of Dialysk and the colloidal condition of matter ; and 
Beethelot's remarkable reseai'chea in organic synthesis, 
or the artificial production of organic substances, together 
with various other particulars of scientific progress which 
are not to be found in contemporai-y text-boots. 

The present work is not designed as a Manual for 
Chemists. To such vast propoitions has the science grown 
that voluminona and constantly enlarging treatises are pub- 
lished upon each of its numerous branches. A school text- 
book can therefore be but a brief eompend of general 
principles and their most important appHcations, and is 
not to be judged by the completeness of its details, or its ful- 
ness as a work of reference. In this volume descriptions 
of those chemical substances which are not frequently met 
with, as the rare metals, are omitted, and directions for 
making experiments have been much condensed. By this 
means space is gained to treat with unusual fulness the 
more familiar objects of nature, as oxygen, air, water, food, 
&c., and to introduce much new and mteresting informa- 
tion. 

Chemistry is not now what it was a few years ago — a 
mere matter of acids and alkalies, colored fires, and gas 
explosions, beginning and ending in the lecture room. It 
is an unfolding of the great laws of Nature, around and 
within us, and has an interest, not for experimenters alone, 
but for all who care to understand anytiung of the scheme 
of being which the Creator has established, and in the 
midst of which they are placed. The Class-Eook is there- 
fore designed for the wants of that large class, both in and 
out of s^ool, who would like to Imow something of this 
interesting science, but cannot pursue it in a detailed and 
experimental way. Its copious illustrations will partially 
supply the lack of experiments, but lectures and demon- 
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etrations are always invaluable whenever they can be ob- 
tained. 

While the application of Cliemlstiy to tlie most im- 
portant arts has been duly noticed, more than usual atten- 
tion has been given to the Chemistry of Nature. The order 
of subjects has been so presented as to unfold the order of 
forces in nature — what may be revei'ently termed the divine 
logic of her activities. In the First Part are considered 
the great natural forces by which matter is moved and 
transformed ; in the Second Part, the application of these 
forces to the lower or mineral world, and the change of 
properties which they produce in inorganic bodies. Part 
Third treats of the organic kingdom, which rises out of the 
preceding, with the composition and changes of organic 
substances. In Pai't Fourth we see the completion of Na- 
ture's scheme in the world of life. The facts and prin- 
ciples of the three former divisions are here applied to the 
illustration of Physiological Chemistry, 

In preparing the volume the author has kept constantly 
in view tlwit Chemistry is not only a branch of education to 
be acquired, but that it is a means of education — a valuable 
instrument of intellectual culture. Hk aim has been, not 
only to present important information but to arouse the 
mind and awaken a spirit of inquiry. He has striven to 
carry the thoughts upward to those larger ajid nobler 
Tiews of scientific truth which are more and more clearly 
revealed by the advance of inquiry, and which are fitted 
not only to expand the thoughts, but to awaken the best 
emotions of om- nature. 

A brief statement of the relations of science to the 
mind is made in the Introduction. The subject pertains to 
Mental Philosophy ; but many will study Chemistry who 
have not taken up that subject, and it is thought, that to 
such, the suggestions offered may prove serviceable. Should 
teachera think it too absti-act and difficult for beginners in 
Chemistry, it may be passed by. 

In preparing this volume the author has resorted to 
various authentic sources of information ; but the second 
edition of Prof. W. H. Millee's excellent ' Elements of 
Chemistiy' has been taken as the chief guide in revTsing 
chemical data. Several passages , have been transfeiTed, 
with slight changes, from the ' Household Sdence ' to 
Part IV, 
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The author -would acknowledge especial indettednees 
to the new 'Lectures on Heat' by Prof. Tyndall, which 
contains an ahle and attractive exposition of the new views 
of heat and its connections with the other forces. He is 
happy in heing able to state that this valuable work has 
been republished in this country, and he would earnestly 
recommend it to all teachers and students who take air 
interest in natural science. 

He would also renew Ms expressions of obligation to 
the writings of Dr. J. W. Draper, of New York, a gentle- 
man who stands alike distinguished in the field of original 
scientific research and of high philosophic thought. 

Giratefnl for the kindness with which former efibrts 
have been received, he would indulge the hope that the 
present may be found still more worthy the confidence of 
the friends of education. 

New Yoek, Jv,rte, ISfiS. 
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CLASa-BOOK 0? GIIEMISTRY. 

INTRODUCTION^. 

ORIGIN AND NATURE OF SCIENTIFIC KSOWLEDGE. 

1. In entering upon the study of science, it is desirable that the 
student sliouH have clear ideas of the origin and natui-e of the 
kind of knowledge Tie proposes to acquire. There is a vague no- 
tion nmong many people that scientific knowledge is of a totally 
different nature from ordinary knowledge — that science and com- 
mon sense, if not opposed to each other, are at all events very 
widely separated. Tliat there is fl difference between tliese two 
forms of knowledge is true, but it is by no means of the liind 
usually supposed, and it will repay a little careful attention to 
learn in what it really consisfs.. 

2. Knowledga Progresaive.— To understand nature in the pre- 
rogative of the human mmd yet this work is sc i a&t and difficult 
and its results so precicus to buminitT that it is giren to no man 
or to no age fully to penetrate hei mjsteries Ifo subieot — not 
the minntest thing — can be io eshau ted that fuitlior thiught 
and the insight of genius miy not discover stdl deeper mi-aning^ 
and more subtile rektions And thus thi, mighty labor bo omoi 
progressive; each «eneration recei es its inbeiitance of knoi\l 
edge, makes its own add tions and leq^ueithea the whDle t) its 
successor ; so that ATe of the present stand as 

• The holrs of all llio ages m tlie foremoi-l flio of lin c. 
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10 ISTKODTJCnON. 

3. Knowledge is thus a. growth. It bepns in tlie common 
information of the uncultivated ; it develops, and in its higlier forms 
it is called sdence. All the sciences have had their origin ia the 
first rude actions of ordinary minds, and have grown np hy slow 
degrees. Thua the art of counting gradually grew into the science 
of numbers; that of land-measunng into the science of geometry. 
The grouping of the stars into fantastic resemblances of animal 
forms by the shepherds of old was the germ of Astronomy, while 
the common facts of combustion, fermentation, and decay, have 
been slowly evolved into chemical science But common knowl- 
edge does not change its nature in becoming science any more than 
does a slirnb in becoming a. tree, nor can the line be found where 
one stops and the other begins. 

4. A Teat of Science. — As the phenomena * of nature take place 
with perfect regularity, just to the degree in wbicli we understand 
her ways we can anticipate her results. Science thus confers 
foresight ; according to its perfection it enables us to foreknow what 
will take plaee in the fntnre. Astronomy is the most perfect of 
the sciences, and hence we are enabled to predict astronomical re- 
sults with absolute precision thousands of years before tiey occur. 
So also with chemistry, just to the degree in which we nndei-stand 
it can we foretell what will tako place when certain elements are 
broaght together. This prophetic knowledge or preeision, is the 
most rigid test of science. 

6. Yet the mind of a nursery child answers to this test as well as 
the intellect of JTewton. As has been well observed, even its ac- 
quaintance with an apple has in it the rudiment of science. It sees 
a certain form and color, and it knows if it puts out its hand it will 
have certain impressions of roundness, smoothness, resistance, and, 
if it bites, a certain taste. Nor can anything be more certain than 
the previsions of ordinary minds; for example, that unsupported 
bodies will fall ; that water will estiognisb flre, and night succeed 
day. Familiar as these easesare, we see in them the rudiments of 

* Tho word pAfmmfina aigniflea lllerall J nj/peoraMEs ; they aro objectsfeeoor 



science I What is tha otigin of nil BOlcocea) Emir 
knowledge of the order of UBtnro confer J Exa 
B. WIiaHssaldoflhefcnowledRB of the child! QW 
Blone. Wliat i$ Bald of ihera 1 a. What uxninple 
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ORIGIN AND NATURE OP BCIENTIFIC KNO'WI.EDGE. 17 

the highest science; tliat is, a perfect accordance between the anti- 
cipated occurrences and those which actually tate place. 

6. How Knowledge Grows— 'We may trace this element 
through all the stages of the development of knowledge. A lad 
knows that the smote, from the fire he iskindhng, will rise; that the 
fire will consume the fuel and presently warm the room and boil 
water. These are previsions which he makes just as certainly and 
accurately as the philosopher. 

7. Bnt when the mind begins to inquire, a new class of previ- 
sions is reached. It is seen that'the fire will disturb the equili- 
brium of the air and thusoansethe smoke to rise; that an element 
of the air will enter iuto chemical union with the fael; that there 
will be no real destruction of matter, but only a change of its 
forms ; that the chemical action will give rise to heat which will 
be propagated by conduction through the iron, by circulation 
through the water, and by radiation through the air. These results 
are not different in kind irom the first— no more positive or cer- 
tain ; but while the facts and relations in the first case ai'e simple 
and obvious to the feeblest apprehension, in the latter they are 
more complex and obscnre, and to grasp them requires a higher 
exercise of reason. 

8. But the evolntion proceeds still higher; at first there is only 
certainty; at last there is exactness. First the hinds of effect are 
foretold, and then their amount. The weight and pressure of the 
air, the rate of its expansion by heat, the amount of its ascensional 
force, and how much the chimney retards by friction, are precisely 
determined ; and the consequent power of draft is predicted. Not 
only that oxygen combines with the fuel, but exactly how much 
will he required to consume it, what quantity of heat will be gen- 
erated, how much water boiled, and space warmed, are finally fore- 
told. In its completest form Science advances to measurement : it 
flrst determines qualities, then quantities.* 

9. Thus is common knowledge constantly rising into the higher 
and more perfect form of science ; its tendency is ever ftom the im- 

* Fur an able cspoaltion of tSe doctrine here glanrea nt,lhe etiident is referred 
to n paper in Hibdibt Spescbb'b EssayB, entitled ' The Gcnpsla of Science.' 

ordinarj; knowledge I 7. WliathighcrpteviBiona may arlae from these* "Whati* 
UiedilToroiiQeljetween them* 8. What others ore mcntLoned in the third etage of 
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18 INTEODUCTION. 

mediate to the remote, from the loose and vagna to the definite 
and esaot. If now we esamioe those mental operations bj 
■which knowledge is developed we shall find them to he one and 
the same in all the de^'rees of its evolution. Mind acts according 
to its necessai-y laws, which are identical in the child, the adult, 
and the most advanced philosopher. 

10. Observation. — By the impressions produced upon the senses 
onr attention is constantly solicited to the ohjects around ns, and the 
^ving of this attention is called oiaer^ation. This is the basis of 
experience and the first oonditibn of all ordinary knowledge. The 
person who carefully remarks the conduct and appearance of peo- 
ple, giving attention to their peculiarities and differences, is called an 
' observer of human nature.' And so the agriculturist who notes 
whatever pertains to soils, stock, frnits, &c., is known as an ' ob- 
serving farmer.' 

11. Science also begins exactly here ; its basis is observation. 
But the hasty and careless observations of people in the ordinary 
affairs of life, where appeai'ancea are constantly misinterpreted and 
everything is seen in the light of preconceived ideas, would be a 
very insufficient foundation for science. Its first st«p, therefore, 
is to educate this faculty by a systematic discipline. Observation 
is not mere looking or listening ; it is diserimmaUon, It is the eye 
of reason that observes. For pm'poses of science observations 
must be made with patience and cantion ; numerous sources of 
error from without and within — sonrcea of whict people generally 
are entirely unconscious — have to be vigilantly guarded against, 
or the results are worthless. 

12. Ezpeiiment.^ — Here again we commence with the ordinary 
experience of mankind ; everybody makes esperiments. We wet, 
heat, scratch, bend, press, and tear substances to test their quali- 
ties. We try the fastness of colors by wasiiing a fabric, and the 
genuineness of coin by its sonorous ring. But what is thus be- 
gun and practised in a mde way by everybody, science improves 
and carries out in a systematic manner. Its cultivators act 
only passively observe, but, with hand and instrument, in a thou- 
sand ways they put nature to direct trial. Objects are placed in as 
many different conditions as the operator's ingenuity can contrive, 

11. WhatUlhebaHiBof Mlencet How does acteiitlEoaiaiir from common obser- 
vjtion! 12. Wbal exainpkB SI'S given of common BspeilmenllDg ? How dooa 
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and the changes noted and ctimpflved. Only by this assiduous 
cross-questionmg of nature hy thousands of investigators has our 
knowledge of her lawa been enlarged ia extent and increased in 
exactness until it has reached its present adviincemeut. 

13. Diversity of Natural OJu'ects. — The olyocts and operations 
of nature with which observation acquaints ns are innumerable. 
Each region of the earth produces its peculiar forms of life ; each 
tree has its own appearance; each leaf its peculiarity; each ani- 
mal its distinguishing marks; each stone its individ it al features. 
No two faces, no two blades of grass, and, as the microscope shows, 
no two grains of sand are precisely alike. So also with the oc- 
currences of esperieuce. No season ia like its predecessor ; no day 
repeats another ; no event is ever exactly reproduced. 

14. Abstraction, Oeoerallzation, Classification. — This vast mul- 
tiplicity of objects and events woidd confuse and confound the 
mind if it attempted to grasp or remember them all. The facts 
must be grouped or bound together in bundles before tlie mind 
can command them forpuq)oses of general knowledge. Observa- 
tion accumnlates individual facts ; the mind then searches for some 
point or quahty in which a great number of objects agree, and 
having found it, gives them a common name. Thus all animals 
having a spinal column were grouped together as vertebrates ; all 
trees which grow by the successive addition of external layers as 
exogene. 

15. As this act of the mind pnts aside those particulars in 
which objects diifer, and separates or abstracts those of resem- 
blance, it is called a process of abstraction.' ns it is a passing 
from particulars to generals, it is called generalisation ; while this 
sorting of a multitude of things into parcels for the sake of know- 
ing them better and remembering them more easily, is called elaasi- 
Jicalion, 

16. But this is no peculiarity of science, for all minds inevit- 
ably proceed in the same manner. Were a basket of fruit placed 
before a child, it would very naturally separate and group together 
tlie apples, the pears, and the plums ; it would therefore perform 
the operations of aSsiraefiiwi, generalisation, and cloMifieation. 

solenoeiniprovaupor tMs? 'miKt la the rosult ? 13. What Is aaldoftlie divcraity 
of natural ohjeets ) M. W5iat would be the f ffeot o( trying to remember thom rdl I 
%V]int has to bo doue ! ExamploB. IS. What ia abBtmotiont Grneraliiation ) 
ClaBsiBcation! 16. Wliot fammar esampIcB arc uffored ! 17. Deaoribothe mua. 
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20 INTKODUCnON. 

Were the chemical elements placed before it on a tnble, it would 
also naturally separate all the shining metals from the rest, and 
thus take the first great st«p iu chemical classification. Those 
mental operations which are practised by everybody in an nncon- 
Boious and imperfect way, give rise at length, by culture and dis- 
cipline, to comprehensive scientific methods. 

17. Induction.— This term denotes an essentia! operation of the 
mind, by which knowledge is acquired, and which is just as well 
exemplified in every-day experience as in the highest efforts of 
thought, Por example, you place a piece of oak wood in the fire, 
and it bums; you then put pieces of maple, pine, and mahogany 
in the fire, and they also bTim. From these facts you gather the 
general principle that all wood will burn. This is called an induc- 
tion, from indiieo, to lead in, and signifies the bringing in of one 
fact after another to establish a general truth. It is true there 
are thousands of varieties of wood, and you have tried but three 
or four; yet from yoar experunce of nature you conclude that 
what is true in certain cases will be true in ail similar cases. If 
you observe in a larger number of instances that wood burns, the 
induction is strengthened. 

18. Dadaotioii. — If now you meet with a new variety of wood, 
you immediately think in the following manner, which is called a 
syllogism : All wood is combustible ; this substance is wood, and 
therefore it will burn. In this case you take the induction as a 
general principle, and apply it in a particular case. This is deduc- 
tion, from deduce, to lead down, and signifies the descent from a 
universal truth to a special application, Thua induction ducotera 
principles, while dednction applies them. 

19. Verification is testing the truth of a conclusion. Should 
you hear various persons from different parts of the world .assert 
that they have tried many kinds of wood and find that they all 
burn, you ■would say this is an e^eryrtental verification of the law. 
Or if.a chemist should say, I have analyzed many kinds of wood, 
and find that they all consist of the same combustible elements; 
other chemists obtain the same results with other sorts, and as the 
mode of vegetable growth and the essential constituents of plants 
are everywhere the same, all wood must be combustible, you 

tration of indniMion. What aoee the word elgnlfy • Wlmt isiUhasiBl 18,Ifa 
new kind of wood iB met mtli, how does the minajn-ooeedl What Is dednction) 
19, Wliatta verification! Desorihe the eiperiraeululand theorelioal verifieationB. 
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would look upon iliia as a theoretical verijication of jour law. 
You would further Bay,tliis principle la true, because it may be 
verified by anybody at any time. 

20. The grandest discoveries in science are made in precisely 
the same way. The master minds of our race, by a course of 
toilsome research through thousands of years, gradually eatablish- 
ed the principles of mechanical force and motion. Facts were 
raised into generalities, and -these into still higher generaliza- 
tions, until at length the genius of Nkwtos seized the great prin- 
ciple of attraction, which controls all bodies on the earth and ia 
the hea'j'ens. He explained the mechanism and motions of the nni- 
verse by the grandest induction of the human mind. 

21. The mighty principle thus established now became the first 
step of the deductive method. Leverkieg, in the solitude of his 
study, reasoning downward from the universal law through plane- 
tary perturbation, proclaimed the existence, place, and dimensions 
of a new andhitherto unknown planet in onr solar system. He 
then called iipon the astronomer to verify his deduction by the 
telescope. The obscLwation was immediately made, the planet was 
discovered, and the immortal prediction of science was literally 
fulfilled. 

22. Hypothesis.— This is a supposition or guess put forth to 
account for any occurrence or state of facta. For example, a boy 
misses his knife. Various eonjeotwes go rapidly through his mind 
as to the cause of its disappewance. He may have mislaid it, left 
it in another pocket, or it may be lost, lent, or stolen. Each of 
these ideas involves a hypothem of the loss of the knife. These 
he proceeds to test one after another ; he examines his pociets, 
searches in various places, inquires of his companions, but cannot 
find it ; that is, each of his hypotheses fails when he attempts to 
verify it. At length, perhaps, it is found npon a comrade under 
circumstances which establish the hypothesis of its theft. Thus 
hypotheses, instead of being the mere fiue-spun fancies of nnprac- 
tical thinkers, as is too commonly supposed, are employed every 
day by everybody as the only guides of conduct and action. Lil^ 
erally a hypotliesis signifies a supposition placed under the fa«fs as 
a platform to support tliem. 

2a WHateianiplotsgivcilofsoienl 
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22 INTKODUCTION. 

23. All seientiiio mqniry beg ns in the same manner with 
guesses. The facts being observed virous cDojectiires oi' hypo- 
thesee are ntaile to explain them It cannot be denied that in 
science, as in common life there are vancua aptitudes for miildng 
hypotheses whiob no precepts can teach It depends largely upon 
boldness of thonght and fertdity of mvention upon an original 
cast of the intellect— the ijueitioiimg temper—the busy, suggestiYC 
mind — the piercing giance of genms, which sees what others over- 
look, which prizes what others neglect, which takes its flight 
beyond rules, and is a law to itself. 

24. Insuffioienoy of Hypotliesfa. — But it is not by skilful con- 
jecture that knowledge grows, or it would have ripened thousands 
of years ogo. It was not tiU men had learned to submit their 
cherished speculations to the merciless and consuming ordeal of 
verification that the great truths of nature began to be revealed. 
Ebplkk tells us that he made and rejected nmeteen hypotheses of 
the motion of Mars before he established the ti-ue doctrine that 
it moves in an ellipse ; and Dr. Fakaday remarks : ' The world 
little knows how many of the thoughts and theories which have 
passed through the mind of a scientific investigator have been 
crushed in silence and secrecy by his own adverse criticism.' 

2&. Theory means literally a ■Bievi. It is an accepted hypothe- 
sis ; an explanation of phenomena. For example, the principles 
Tvhich explain the structure and movements of a watch form the 
theory of the watch. It is common to contrast tlieory with prac- 
tice, disparaging the former and commending the latter ; but this 
is erroneous. Theory is derived from practice ; indeed, it is a 
knowledge of the principles by w-hich practice accomplishes its 

25. Cause and Law.— Any agency which produces an effect, 
and which when known explains it, is termed its eause; while the 
manner in which the force acts in producing the effect is termed 
its law. Thus the cause of the fall of a stone is the force of gravi- 
tation, while the conditions under which the power acts is called 
its law ; viz., that bodies attract each other with a force directly 
proportional to tlieir respective masses and inversely as the square 

meanlnBOf hgpMesis7 Wlipro does ocknllUc liiqaLiy bogiiil Upon tihsX diwa 
(.kill In making hj-polheees dcpoiidl 2i Wliat bfsido hypolhcaiB is nescBenry 
to dpnolB aolcnce! What is said of KeplkkI Wliat docs TlEiDiv o1>Ben,-= J 
2 j, WTiat Is a thtorj t How is it related lo praoUou I ^ "What Is a cause ! What 
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of their distaccea. The cause of ohemioal oombiiiatioa ia the force 
of affinity; the lav> of lie force is that bodies combine in definite 
and coBstant proportionB. Strictly speaking, that whicli invariably 
precedes on act, its antecedent or several antecedents, constitutes 
its cause; while each an expression of the condition in which the 
power acta, or the event occurs, aa enables the result to be deter- 
mined beforehand, is known aa the law. 

27, "We may caE the first conjecture of uniTersal attraction in 
the mind of Sbwtoit, which be believed probable, but held in sus- 
pense for many years, an hypothesis. But when important facts 
which apparently contradicted the hypothesis were revised and 
found to agree with it, it assumed the character of a theory, and 
as such it was on trial for a hundred years, until the greatest mathe- 
maticians, clearing away difficulty after difficulty, demonstrated it 
to be a universal law. 

28, EmpMoism ordinarily signifies mere pretension and gnaok- 
ery, but in science it denotes the results of observation just as they 
are obtained, before they are reasoned upon or reduced to princi- 
ples. Empirical results of inquiry are the naked facts without any 
theorizing or attempts to explain tliem. 

29, Science a»d Art.— As acienoe represents the later stage of 
knowledge, art represents the earlier. Men firat, through painfull 
toil, servile imitation, and blind i-ules, learned what to do ; then 
came the question why it was done, and the advance was made to 
tiieories and explanations, or soienee. Art is therefore empirical, 
science rational ; art asks for rules, science for reasons ; art is an 
affair of practice, science of piinciplefand causes. The first is the 
root, the latter the outgrowth. The arts and sciences mutually 
help each otiier forward. Art presents to science her difficulties ; 
science solves them, and, while thus increasing her own stores of 
truth, returns to art principles for her better guidance. 

30, Why Science Is so Recent— For thousands of yeara the 
race Hngered in the early or art-period of knowledge. This was not 
for laflk of intellectual activity, but from its misapplication. The 
ancient philosophers, disdaining nature, retired into the ideal 
world of pure meditation, and holding that the mind is the meas- 

nlawt EsamploBt 27. Wbat eiample ia 
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TLre of the universe, ttej- believed tliey conid reasoa out all trutlia 
from the depths of the soiil. Despising matter, they were nob 
drawn to observe and study it ; despising labor as menial and de- 
grading, they would not esperiment ; consequently they lacked 
the first conditions of science, Observation, Experiment, and In- 
duction, They reasoned from fanciful notions to worthier con- 
clusions, and the intellectual power of ages was thus wasted. 
Genius spent itself m heating tibe air ; the philosophers wrestled 
with shadows ; they chased each other round the circles of verbal 
disputation, they pursued the rainbow, disdaining the prieel^s 
gems which abound in the earth beneath. It was the period of 
inesperience, and their mistake was perhaps natural, but it was an 
error that paralyzed the world. The first step of progress was 
impossible. There was no conquest of nature or liberation of man 
from the drudgeries of endless toil ; no spirit of general inijuiry, 
no projects of education or hope of improvement. 

31. Suoceaaion of the Soienoes. — Thus the sciences do not rise 
or advance together; they have appeared in succession — the 
earlier, as it were, preparing for the later, and the later springing 
out of the earlier. Man was first impreesed by the beaufiftd regu- 
laHty of the celestial motions; they excited hie wonder and aroused 
his thought; and hence Astronomy is the oldest of the sciences. 
Then the visible movements of earthly bodies were also fonnd to 
be governed by invariable laws, and Mechanical soienoe was the 
result. The human mind having now established the idea of 
order in the heavens and on the earth, it was nest found that the 
deeper changes which go on mthin material objects, altering their 
nature and properties, are also of an invariable character ; and 
then appeared the science of Ghenminj; and when, still later, the 
same thing was perceived in livmg beings, there arose the science 
of Physiology. 

32. Many snbjecte are now in the rudimental condition of 
common knowledge whioh are yet to assume the scientific form, 
whiie some are capable of only a partial development. Science 
furnishes the only true method of their study, while yet they are 
80 eomples that the human mind may never be able completely to 
analyze them Tor esample, Commerce, Education, Society, and 

pilloaophei-Bt Why did tte 
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Hiatoi-j are not properly to bo considered as acienoea ; yet the 
operations of bneincss, tb.e eultiire and growth of mind, the social 
relations of men, and the course of the world's events, inasmuch 
as they all uniiuestionahly involve' fixed principlea and the action 
of uniform causes, must become more and more sciontifio in the 
method of their treatment, 

33. Olainu of Science. — The idea thus briefly illustrated, that 
knowledge is by its very nature progressive — that it grows into 
the higher form of science through the education of the essential 
faculties of the common mind — ia of the deepest significance in 
eduoatioD.. We see that science is not a mere curious and profitleas 
prying into the obscure recesses of nature, nor a rigid system of 
thought inapplicable and worthless in the wallis of common ex- 
perience. On the contrary, it is a result of the mind's normal 
growth — a product and proof of its completeat discipline. By a 
gradnal transition we rise from the obvious and ample to the re- 
mote and complex; the same faculties being called into progres- 
fuvely higher and more systematic esercise in the ascending course 
of scientific inquiry. 

34. "We observe, also, that science is not, as is often swd, simply 
an afEair of the material world, nor its progress a mere physical 
progress. All science is of the mind, and its progress mental, and 
whether thought be directed without, to material things, ortui-ned 
within to study itself, the some intellectual operations are employ- 
ed. The progress of Chemistry, the advancement of Agriculture, 
and the growth of Physiology, are not outward things ; they are 
all condiUans of thougM. The mind moves forwai'd, and the ex- 
ternal results are but the signals and registers of its march. 

35. And these results are of the mightiest import. The dia- 
ooveries of Gravitation, of Oxygen, of the Circulation of the 
Blood, of Vaccination, Angjsthetics, and Photography — the inven- 
tion of the Mariner's Compass, of Gfunpowder, the Piinling 
Press, the Chronometer, the Steam Engine, and the Electric 
Telegraph, have reconati-ucted human relations; they are steps 
of advancement in which the whole world is implicated. But 
great ag are the material revolutions which they have produced, 
thoy have a more momentous aigniflcanoe es the first glorious fruit- 
ings of the growth of knowledge. Tliey are witnesses of what 

ilstoryto bo regnrdodl 33. WhaHe iU 
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can be accomplished hj the earnest, perseTei'ing study of nature ; 
they are prophetic of a new dispensation of the int«l]cGt— of a 
wider and nobler culture, in which the liying nniyerae of God 
fihall neither he contemptuously passed by, nor assigned an inferior 

36. The Demand of the Age. — We cannot better close these 
observations on the nature and influence of science, than with 
the following eztraot from Prof. LiEsia : ' The gi'eat deside- 
ratum of the present age is practically manifested in the estab- 
lishment of schools in which the natural sciences occupy the most 
prominent place in the course of instruotion. From these schools 
a more vigorous generation will come forth, powerful in under- 
standing, qualified to appreciate and to accomplish all that is truly 
great, and to bring forth fruits of universal usefulness. Through 
them t^e resources, the wealth, and the strength of empires will be 
incalculably augmented ; and when, by the increase of knowledge, 
the weight which presses on humaa existence has been lightened, 
and man is no longer overwhelmed by the pressure of earthly 
cares and tronbles, then, and not till then, will his intellect, purified 
and refined, bo able to rise to higher and higher objects.' 

iB8!iidof tho e^™' aiaaovBcloB! What do Iliey show? Kfl, ■WTin.t d«a Libbco 
stale to 1)0 tlie re^ultemant of the ago 1 Wbat would be the effect of siiuh eoiioolB ? 



d^vGoogle 



PAKT I. 

CHEMICAL PHYSICS. 



CHAPTER I. 

OF SOME FUTaiCAL CONDITIONS OF MATTER. 



§ I, Matter and Force. 

37. Matter. — 'Whatever ocoupiea space and is revealed to our 
senses, is termed matter. Different kindB of it, as wood, water, 
air, are called substances; and any limited portion of it is called a 
tody. The properties of matter are the characters hy which it is 
known ; and these may be either general, as those which belong 
to all matter, or speeijk, those which serve to distinguish one 
body fkim another. 

38. Bodies are of two kinds, simple and eompound. Compound 
bodies are such as can be decomposed or separated into simpler 
parts or elements. Simple bodies, ou the contrary, cannot be 
thus separated. Water is a compound, and can be resolved into 
two invisible gases, but neither of these can be again decomposed. 
Brass may be separated into copper and zinc, but no one has yet 
been able to obtain from these anything besides copper and zino. 

39. Persiatsnoe ofMatter. — Matter is impenstraile. As it is 
created in space, it must occupy space ; two bodies cannot esist 
in the same place at the same time. Matter is thus persistent 
in space, and it is also persistent in time ; — it is indesPntetible. 

SV.Wbattssaldofm; 
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There is no evidence that in the course of nature, or by any of the 
p t f matter is either called into esistence or aani- 

1 lat d It m y 1 hanged from state to state thousands of times 
w th t th m II t loss. A pound of ice conyertod into water 
t t m tmues tt) weigh exactly a pound. When fuel ia 
biu d te d appears by evaporation, or our own bodies 

a 1 d to 'th and air, it is only the migi'ation of matter 

th gh 1 If natural transformations. Forms alone are 

d t y d — tt emains imperishable. 

40 Changes f Matter, — The nniverae 13 everywhere in mo- 
tj n Th atm ph -e is agitated by winds ; the world of waters is 
in perpetual circnlation ; plants and animals spring from the earth 
and air and retnrn to them again ; all substances around us are 
undergoing slow transformations ; the stony records of the strata 
are but histories of past revolutions ; our ponderous earth shoota 
swiftly along its orbit, while the mighty sun, with all liis attendant 
planets, is sweeping on forever through shoreless space. Nothing 
ai-ound or within us ia absolutely at rest. 

41. Force. — That which moves matter and produces change is 
called power, or force. The canses of the foregoing changes are 
called the forces of nature. Thus the Poree of Gravity draws a 
piece of iron to the earth ; Cohesive Force holds its particles to- 
gether ; Mechanical Force shapes it ; Heat Force melts it ; and 
Chemical Force rusts or diasolvea it. Matter and force are insep- 
arable ; we know nothing of force esccpt throngh matter, and 
nothing of matter except by its forces, 

42. Physical Changes. — Those various alterations of place, 
form, and quality which bodies undergo without destroying their 
distinctive properties are termed physical changes. Thus iron 
may be cut into nails, rolled into sheets, drawn into wire, melted 
or magnetized, bnt through alt these changes it still remains iron. 
"Water changes its form, becoming a solid or vapor, but its peculiar 
composition as water remains unaltered. Gravity, cohesion, light, 
heat, electricity, and magriefasm are the forces chiefly concerned 
in producing these changes, and are therefore called physical 
forces. That branch of science which treats of their effects is 
termed Physics. 



d^vGoogle 



NATDRE OF CHEMICAI. CHANGES. 29 

43. Ohandoal Ohsii^ea. — If iron be rusted, bumed,j or dis- 
Bolved, it undergoes anotlier imd a deeper change ; its peculiar 
properties are destroyed, and tlie metal disappears. In common 
corabuation air and fuel are botli charged, and new substances aro 
produced. These are examples of cliemical ekanges, such as are 
going on constantly around us; indeed, nature is a vast laboratory 
where they are incessantly taking place upon a stupendous scale. 
Chemistry considers the composition of matter, the nature of its 
elementary parts, the properties of the compounds formed from 
them, and the forces by which its various combinations and de- 
compoEitions are produced. 

44. Cliemioal Physios. — Physical forces and conditions have so 
PQwerful an influence over chemical action that some knowledge 
of them is indispensable to the chemical student. The progress 
of inquiry has, moreover, shown flat the various forces are far 
more intimately related to each other than was formerly supposed, 
BO that to understand them in the best manner they must he pre- 
sented together. Accordingly, under the title of Chemical Physics, 
we first treat of those physical agencies which ai'e most intimately 
connected with the subject of Ohemistiy. 

§ II. Oramty amd Weighing. 

45. One of the simplest facts of observation is that bodies are 
drawn down to the surface of the earth with power. The at- 
tractive force which produces this effect is called Gravity. It acts 
between masses of matter of every kind, and at all distances ; the 
earth, sun, moon, and all the heavenly bodies, thus influence each 
other. The various ohjeote upon the earth's surface are not only 
powerfully attracted by the mass of onr globe, but, in an infinitely 
lesser degree, thoy also attract it ; and it has been further demon- 
strated that they also attract each other. A pair of leaden balls 
two inches in diameter were attached to the ends of a rod which 
was suspended in the middle by a fine wire. Fig. 1. Two other balls 
of lead, a foot in diameter, wore placed upon a revolving platform, 
and when the larger and smaller balls were brought near together, 
they were mutually attracted, as was shown by the motion of the 
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rod. The foroe exeiied did not exceed the twenty-milliontli of the 
weight of the lesser ball, but was. sufficient to slightly twist the 
Fjb. 1. wire, and give rise to a small oscilla^ 

tory moYenient. The seenimgly in- 
ert masses wei'e thus proved to be 
aljpe with power. 

The force of gravity ia propor- 
tional to the quantity of matter ; 
that is, if the, earth had twice its 
present mass its attraetion would be 
/ doubled, and if but one-half its mass, 
B force would be only half as great. 
So with any body on the earth, the 
force with which it ia attracted in- 
creasea or diminishes in ezact pro- 
Mntnsl attraotlQn of lenaon tails, portion to its qnaiitity, 

4B. TbiB force gives rise to Weight.— If a body, instead of 
being allowed to fall, is supported, its tendency to descend is not 
destroyed. It ia drawn downward with the same force, bnt as it 
is resisted, and at rest, the force takes the shape of pressure. 
This downward pressure of bodies is called their weight. The 
weight of a body ia the force it exerts in eonaequenoe of its gravity, 
and, as this force depends upon the quantity of matter, it is clear 
that if the mass be doubled, the weight will be doubled ; if the 
mass be halved, the weight will be halved. Weights are therefore 
nothing more than measures of the foroe of gravity in different 
objects. Thus wo discover the close connections and depend- 
enoiea of all things. The same force which controls tlie mighty 
system of telestial orbs, measures quantities of matter in the daily 
transactions of bnaineas life. 

47 Standard Wetghta.— The operation of weighing consists in 
estimating the force with which any given body is attra:Ctcd 
towoid the earth by compariijg it with other masses of matter 
already weighed and marked according to some flsed standard, as 
Troy, Avoirdupois, or French weight. These standard scales ai'o 
quite arbitrary, there being no natural starting-point, or unit. The 
gi-ain weights were originally grains of wheat. The scales estab- 
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lialied in tkia coTintry are capriciously awanged, while the French 
.employ a decimal scale, ■wh.icii is far more convenient, and is grad- 
ually coming into use among men of science, 

43. Wei^hii^ InBtnunents.— -The instruments employed in fa- 
miliar weighing are steel-yards, springs, and scales, or balances. 
The chemical balance, Fig. 2, used for analysis, consists of an in- 
flesible bar, delicately poised at a point osaotly midway between 
its extremities, from which the scale-pans are suspended. Its beam 
rests upon a fine edge of hardened steel which is supported by a 
flat plate of pohghed agate This beam oscillates toward the 
earth just as the rod m the pre eq 2. ' 

ceding experiment ow dlati-d tc w 
ard the laiger halls feueh i 
balance is as indispenaable to the 
laboratory of the chom at as I 
telcoope IS to the otsenfatory of 
the astrouDmer The foundations 
of the science are numencil law s 

which coull nevLi have been 

arrived at esce[t ly its means j^LL- L i_ 

Prof LiEBiG says The gieat ~" -""^ 

distinction letwocn the mannei 

of proceeding m chemistry and natural philosophy is that one 
tcetghe while the other ■measuio The natural philosopher has 
applied his meisurcs to nature for many centniiea but only f DC 
fifty years have wo attempted to advance nui natural philoifopliy 
hy weighing For all great discovenes themi try vt indebted to 
the balance that incomparable instrument which gives peima 
nenoe to every ob'^ervation dispels aU ambiguity, establishes 
truth detects eiror and guides in the true jath ot inductive 
inquiry 
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i Weight — Speoifia 



49. Weight, as thus far noticed, involves only tho simple idea 
of gravity, and is termed aftsofete weight ; it baa no reference to 
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bulk or Yolrnne; yet bodies differ vei-j much in their density, or 
the quaatitj of matter which they contain in a given bulk. Thus, 
a pound of cork exactly counterpoises a pound of lead, tliongh the 
former occupies forty times as much space as the latter. So 100 
cubic inches 



Of Hydrogen weigh 



PoundB. 



" Platinum 



75.68 



Platinum, the heaviest body we know, is thus nearly a quarter of 
a million times heavier than an equal bulk of hydrogen, the lightest 
of known substances. 

BO. "ffe now proceed to connect bulk with weight, to find, not 
the absolute gravity of a substance, but its weight compared with 
another body of equal size, that is, ita relative, or specific gravity. 
Anj solid substance when immersed in water displaces a volume 
exactly equal to ila own bulk, and, at the same time, loses a portion 
of its own weight just equal to that of tlie volume of water dis- 
placed. Water, found everywhere upon the globe, and easily puri- 
fied by distillation, U thus taken as the unit of comparison for 
Bohds and liquids But variations of temperature alter the bulk of 
bodies, therefore ap gi is. taken at the standard of 60°. 

5X. Specific gravity of Solids. — Fill a vessel with, water, 
Tio S Fig. 3, and drop in it a piece of sulphur 

which has been weighed. A quantity of 
water will then escape into the dish be- 
low equal in bulk to the aulphur. Weigh 
the escaied water in the lesser vessel. If 
the sulphur weighed two ounces, tho 
water tv ill weigh an ounce. That is, the 
sulphur weighs twice as much as an equal 
flj- volume of water; its specific gravity is, 
' therefore, S. The best plan, however, is to 
The solid diflpiace, Its bulk ™'l ™^ ^'^'^ ^°^^^ *» ^^ scale-pan of a bal- 
of water ante by a fine thread, or hair, and then 
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52. Spaoific gravity of Liquids and Gases —Prepare a small 
bottle and mate a fine mark with a file and ink upon its neck 
Counterpoise it in the balance Fill to the mark with distilled 
water at 60° and weigh it. Empty and fill aga n with the liquid, 
the specific gravitry of which is required Its weight divided by 
that of the water, gives the desired result Suppose the bottle 
holds B thousand grains of pure water, it will be found to hold 
1,845 grains of sulphuric acid, which therefore has a sp. gr. of 
1,845. For 1000 : 1.000 : : 1845 : 1.845. It will hold 18,600 gi's. 
of mercury, the sp, gr of which is hence 13.5 ; or Fia. 6. 
1,030 grs. of milk, sp- gr. 1.03. In practice it ia ^g 

usual to employ a bottle, Fig. 5, holding exactly ^^S 

100 or 1,000 grains of distilled water at 60°, which ^\ 

shows the result at once without cdculation. The / \ 

specific gravity of gases is obtained in a similar / \ 
manner. A flask or globe suspended &om the arm / >. 

of a balance is weighed when empty, and again f \ 

when filled with air. This pves the weight of V,^ ^ 

air, which is taken aa unity. Other gases are then Bp. Gr. Botus. 
suhstituted for the air, and their comparative weights aanartoined. 
Gases are subject to variations of density, not only by alterations 
of temperature, but by changes of atmospheric pressure; these 
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weights are therefore taken at the ataadard barometric pressui-e 
of 80 inches. 

53. Bpscifio gravity of Soil— The specific gritvity of aoU, or 
any other Bubstanoe in powder, is obtained as follows ; Oountoi"- 
poise a thoa sand-grain bottle and weigh into it 160 grs. of soil to 
he tested. Fill with water and weigh again ; water and soil give, 
say 1,090 grs., 150 of them are soil and 946 water ; consequently 
54 grs. of water have been displaced by 150 grs. of soil. The cal- 
culation is then eaay, 64 : 1.000 : : 150 : 2.7'r7 sp. gr. of the soil. 
In practice a precaution is to be obsei'yed. The soil contains air 
among its particles, which would vitiate the result. To obYia.te 
this, AH the bottle but half full of water at first, and shake it well 
with the soil; the air escapes, and the bottle may then be filled 
with water. 

54, Hydrometer. — Take a tumbler, or a light dender-iiecked 
bottle, loaded with soma shot, and float it in pnre ram-water; it 
will sink to a certain depth, which may be accurately marked upon 
the glass. If now placed in. brine or milk, the mark will stand 
above the surface; the vessel not sinking so deeply as before, he- 

Fio. B. cause the liquids are heavier. Place it in alcohol, 

and the mark will disappear below the surface ; it 
sinks deeper than at first, because the liquid is 
lighter than water. Instruments arranged on this 
principle, and called HydToraetere or Areometers, 
are used to measure the density of liquids. They 
usually consist of a glass stem, Eig. B, terminating 
in a bulb below, loaded with shot or mercury, and 
floating in a narrow glass vessel, containing the 
Kquid to be tested. Scales are fixed within the 
stem, zero being the point at which the instru- 
ment sinks in distilled water at 60", In lighter 
I liquids it sinks deeper, and the soale ascends from 
J. In heavier liquids it floats higher, and the 
■"■^ scale is reversed. These scales are ai'bitrary and 
1 the various instruments. Tables accompany them, 
so that we see at a glance the sp. gr. which iCOrrespouds to any 
number upon the scale. Instruments of this kind are much used 
by manufacturers and dealers, to determine the density or strength 
of liquors, syrups, oils, lyes, &:c. «■ 

oau we get tlie speoiflo gi'uvlty of 60il ( 64. Defleribe Uia byaromeWr, Wbj 
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66. Specific gravity is among the moat important of the phja- 
ioal properties of bodies. It affords an important means of identi- 
fying them. The mineral iron pji-ites, for esample, is in color 
almost esaotly like gold, and is frequently mistaken for it. But 
they are at once distiuguished by the difference in specific gravity, 
an equal bnllt of gold being neai-ly four times heavier than pyrites. 
So if gold is debased hy alloying it with a cheaper metal, the 
speciflo gravity promptly detects the frand. The proportion of 
alcohol in spirituons mixtnres, tie richness of milk, the strength 
of various solutions employed in the arts, and the identity and pn- 
rity of many substances are dettrniined with more or less accuracy 
by finding this property, 

§ lY. Mmute Constiiuilon of Matter. 

56, From the force which acts between masses at all distances, 
we ijpyr pass to the stndy of another class of forces which only 
coma into play wben bodies are in contact Tbey seem to pertain 
to the interior structure of snbstanccs, and hence before treating 
of them, it becomes important to inquire what that inner mechaa- 
ism is, or tow matter ia constituted. 

57. Porosity of matter.— If we place a little water upon chalk 
or cloth, it disappears ; in a certain sense it penetrates them, but it 
does not enter the solid' partiolea ; it only passes into vacant places 
termed pores. Not only loosely composed substances, as soil and 
flesh, hut wood, rocks, stones, and even dense metals have the 
sanje porous texture. Apressureofa single atmosphere is sufficient 
to drive the liquid motal mercury through the pores of wood. 
Water gradually works its way throughbeds of rocks in the earth, 
and.stones taken from the bottom of the sea at considerable depths, 
are found penetrated by it to their very centre. Mercury passes 
through lead, and water has been also forced through the pores of 
gold. So, that though matter is eaeentially impenetrable, it is also 
universally porous. 

53. Interior movements of todiea. — If a dosed India-rubber 
bag filled with air be squeezed, it will be compressed into less 
bulk; that is, the particles of air will be forced nearer together. 

are Ibe ueea of Bpeciflo grsvltyr 
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If alcohol and water be commingled, the 
mixture occupies a smaller apace than did 
the separate liquids ; their particles Lave 
therefore approached closerto each other. 
If iron, or the densest of all cietala, plati- 
num, ba hammered, it will be driren into 
less compaaa, the metallic particles being 
forced into closer relation. A glass bulb 
with an open tube is partially filled with 
water, and inverted in a vessel of the same 
I liquid, so that the upper space will encloae 
iir. Fig T. If, now, heat be applied to the 
bulb, the air is expanded and the water 
presseddown. If the bulb be filled with water up to apoint marked 
upon the neck with ink. Tig. 8, and the water heated, it will ex- 
FiQ 3 pand and rise above the mark. Or if a copper ball, 
which just slips through a ring, be heated, it is en- 
larged so that it rests upon the ring, and will not 
p isa thi ough it, Fig. 9. But if we remove the lamps 
and wait awhile, the heat gradually escapes; the air 
shiinks to its former compass; the water falls again 
to the mk-mark, and the ball drops through the ring. 
59. These expansions and contractions, exhibited 
by matter in its three-fold state, are the result of 
n t m g th stituent particles, which 

d t m h h , and then come together 
B" d th m yemonts of the particles 
t 1 m hey are strictly regular, 
A d fi t of pressure upon sub- 

t as corresponding approach 

f h part I heat is steadily applied, 

d I te d ly f Hows, and if they are sub- 

] t d t Id traction, occurs, the dis- 
t b tw th 1 articles diminishing with 
every degree of descending temperature. 

60. Atoms and their Interspaces. — From 
these facts, it is concluded that matter con- 
sists of exceedingly minute particles which 
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are never in absolute contact, but are Mirrounded by unoccupied 
spaces, in wtich tbej are held by the action of interna! foreei 
TJiese ultimate, separated, material points, are called atmiw, tha 
word signifjmg an tndtiiaiMe j>s.i:iu,\^ Of then sliipe nothing 13 
known. The intervals between them, it is supposed, are tar greater 
than their diameters; indeed the grouping of the celestial orbs is 
often taken to represent the distribution of atoms in a solid sub- 
stance. Sir Jonif Hersohel asks why tho atoms of a solid may not 
be imagined to be as thinly distributed through the space it occu- 
jues, as the stars that compose the nebula ; and compares a ray of 
light penetrating glass to a bird threading the mazes of a forest. 

61. For tlie sake of precision, it is convenient to restrict the 
teim parUdas to those minute portions of bodies which are appre- 
ciable by the senses, or the microscope, while the word atoms des- 
ignates those infinitely smaller parts of matter of which we have 
no experience, being purely hypothetical creations. The term 
makefile is fi-equently used as the equivalent of atom, hut it more 
properly signifies a cluster, or group of atoms, though still far 
more minute than sensible particles. The words pores and inter- , 
ttiees are generally used as eciuivalent,^but it would be well to 
confine the former term to those openings among particles which 
admit the passxige of liquids, nndlimit the latter to those far smaller 
vacancies among ultimate atoms which are traversed by heat, light, 
and electricity. 

62. DlviEibility of matter. — The division of matter may be 
carried to an amazing extent. Gold may he drawn out as a coating 
upoa silver wire until the 48 3-thou sand-million th part of an ounce 
is still visible, with its proper metallic color and lustre. It has 
been estimated that in adrop of the blood of the musk-deer, such as 
would remain suspended upon the point of a flue needle, there are 
one hundred and twenty millions of globules. But these exam- 
ples of the divisibility of matter bring ns only to the threshold of 
a world of wonders. Microscopic researches have introduced ua 
to a realm of life peopled with animate beings, which are born, 
grow, reproduce their kind,- and die ; and yet so minute, that many 
millions of them heaped together would not esceed in size a grain 
of sand. EnBESUBii& estimates that there were forty-one thousand 
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millions of tbeir fossil shells in a single cubic inch of slate ; and yet 
these tiny beings are supposed to bo endowed with organs of 
digestion, circulation, respiration, and locomotion — these to be 
made up of complex organized parts — theso of chemical elements, 
and these again of ultimate atoms I 

63. The three states of matter. — Under the lull uenoe of various 
molecular forces, bodies assume the three-fold state of solids, 
liquids, and gases. In solids, the atoms are so rigidly held together 
by attraction that the body retains its figure. In the liquid state, 
attraction is so feeble that the particles slide over one another, and 
the body takes the flowing condition ; and in. the gaseous or aeri- 
form state, the repulsive forces predominate, driving the particles 
asunder. Most substances are capable of being changed from one 
of these states to another, and some of them, as water and sulphur, 
take on all three conditions. The term iiapor is applied to those 
gases which readily relapse into the solid or liquid form, as steam, 
vapor of iodine, &c. We will now notice some of those foi-ms of 
force which are ezerted between bodies only when in contact, and 
which are known aa nwlemdar attraationa. 

§ V. Mol&yula/r AttradAons. 

£4. Cohesion, — Though the atoms of a solid are separated, yet 
it does not crumble to pieces. They are held together by a force 
vrhioh reaches across their interstices and binds them in a fixed re- 
lation. This force is tUe atbrimtim, ofeohesion. It esists only be- 
tween particles of the same kind, and gives to bodies solidity and 
form. The hardness, elasticity, brittleness, malleability, and duc- 
tility of solids are the result of various unknown modifications of 
cohesive force. There is also a mutual attraction among the par- 
ticles of liquids. In a drop of liquid, cohesion attracts the particles 
into a rounded figure, against the influence of their weight, which 
would spread them out ; pendant drops still further exemplify the 
same force. 

65. Adhesiaii. — Adhesion b the force which unites dmsimilar 
bodies and is exerted between substances of all kinds. The stick- 
ing of chalk to a blackboard, of metallic amalgams to the backs of 

vlsiblntyof matter) OS. What are I 
aUlon of Iheir atoms? Bt Wlmt 1 
propartleA of Bolids nj-o Quo lo cohosii 
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looking-glasses, of glne- to wood, and of mortar to bricks and 
atones, are familiar esaraples of adhesive force. 

66. AdheHion of liquids to solids.— If a glass rod be dipped 
in water, the liquid will ria^ round it aboye its leyol ii 
Fig. 10, and wlien withdrawn, it will be weC. i 
But if the same rod be dipped in mercury, 
there is an apparent repulsion, Fig. 11, and 
tbe rod when withdrawn is dry. If a rod of 
gold be dipped in the mercury it is wetted, o 
covered with a mercurial film. The wetting ' 
in. this oaae shows an attraction betweea tl 
liquid and the solid, and that it is sufflciently Ttegiaaarodimratai-. 
strong to produce adhesion. But there may be attraction without 
wetting ; glass is not wet by mercury, and still they are attracted, 
as may be easily seen. Suspend a flat, c 
Jar plate of glass to the arm of a balance, c 
terpoise it, and lower the plate. Fig. 12, 
a cap of mercury. No matter how near the 
glass approaches, while there is no contact, 
there is no attraction. But as soon as they '• 
are made to touch, a slight adhesion occurs, — 
sufB.dent to lift a portion of the mercury above The glass rod in mi 
its level in the vessel, the ataoant of which ""7' 
may be exactly measured by the number of weights required to be 
placed in the opposite scale- Fjo, 12. 

pan to separate them. 

67. OonditiODS of Wet- 
tii^. — If the adhesive force 
of any solid for any liquid ex- 
ceeds half the cohesive force 
of the liquid particles for each 
other, the solid will he wet. 
Thus, the adhesion of gold for 
mejonry, and of water for 
wood exceeds half the cohesive force of the mercurial and watery 
particles for each other, consequently water wets wood, and mer- 
cury wets gold. But if the adhesion of the solid be lees than half 

C5. Wh!i.t ieadtleeicn! eS. 'nOiat la tbe elTeot if a glaaa rod be dipped Into nater? 
9t nliea ttwro la no wettlngi 
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the cohesion of the liquid, wetting does not follow contact, as is 
exemplified by glass and mercury. 

63. OapiUary Attraction.— If glass rods with small spei-tures, 
Fia, 13. open at both ends, Fig. 18, he dipped in water, 

the liquid immediately rises through the orifices 
ght which increases in proportion to 
iness of the openings. The same thing 
may also be beautifully eahibited by placing 
t piatei of glass "Eg 14, upon their edges in 
1 dish ofcjloied water one end being joined, 
and the other si gl tly separated. The influ- 
ence of the gradually approaching sides of the 
capi Ufj tubcB giagg in attractmg the liquid upward is seen in 
Pa -ii the course of the curve. From the 

i..,.,^.„ circumstance that this effect is best 
It ^m produced by tabes with very fine 

■6, 1i apertures the attraction that causes 

these phenomena is called Oapil- 
T (fi-o n capillui, a hair.) 

69 Reversed Oapillaritj. — If 
)w a gliw tube be dipped in mer- 
it » oi i qu a pe ween p i es ^^^^ ^^ j^^^^ again ft disturbance 
of liquid equ hbnnra bat the effect is reyersed. The interior 
column ol mere in is dcrreised below the outside level, and its 
Fig 15 surface exhibits a eonvez shape, as seen in Fig. 

~" e thing occurs if the tube be greas- 

ed and plunged m witer, and in all cases where 
the liquid cannot wet the solid. The common 
I belief that depression m this case (as in that of 
the glass and mercury) is caused by repulsion, 
erroneous We have proved (29) that, 
instead of repuhion there is a strong attraction 
between glass and mercury. The reversed cap- 
face illary action simply results from the preponder- 
ance of the cohesive over the adhesive force. In every body of 
fluid, each particle is kept in place by the mutual action of all the 
surrounding particles. But if a column of iiuid be separated from 
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the aaiTotmding mass by interposiag the walls of a tube, the tides 
of which eaert no egtmalent adheshB force, the cohesion of the 
inaas below draws down the upper and outer particles, and pro-, 
duces a roundneas or coDvexit; at the top. 

70. OsmoBe. — Tie a piece of moistened bladder tightly over the 
end of a tube, place it in a vessel of water, and then fill it with 
alcohol up to tbe lerel of the outer liquid. 
The fluid in the tube will shortly begin 
to ascend, and may rise to a considerable 
height, Fig. 16. The external water passes 
through the membrane and mises with the 
alcohol, while, at the same time, a fe 
current of alcohol flows the other way and 
commingles with the water. When differ- c 
ent liquids are sepai-ated by a membrai 
this manner, tbe one is transmitted fastest Onmopt of iiquijs 
which wets tbe barrier most perfectly. DuTPOtnET, who first 
drew attention to this matter, named the inflowing current eRdos- 
mme, and the outflowing one eaosmose ; but these terms are lately- 
less employed, and the phenomena are now known simply as 
osmose, from a Greek word signifying impulsion. The principle 
inTolvediaamodiflcatioQof capillary attraction. The pores of the 
bladder are short capillary tubes, into which water finds its way 
because it can wet the walls of tbe pore. Osmose is thus a result 
of the force of adhesion (36). 

71, Oonditloua of contiiiuouB Plow — 
A capillary tube, however fine it may b 
will not cause the liquid within it to ove 
flow ; but if the liquid be removed fiom 
the top of the tube by evaporation or 
otherwise, tlie capillary force continues to 
supply it, and thus maintains tbe current. 
This may be seen in the wick of a lamp, 
when the oil is burned away and continu- 
ously supplied. If a small bladder be tied 
tightly to a tube, which ia open at both 
ends and bent, as seen in Fig, 17, the 
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bladder and part of the tib b fiEdwihlhl d b 
merged in water, osmose w II a and h 1 q 1 1 

flow drop by drop into th i tb m t 1 11 b 

liquids are uniformly comm Id Th j [1 ] b hlj 
afford an esplanatioa of th fl w f p pi t a d th ula 

tion. of blood and nutrition j anim 1 

72. Adhesion of gases to H Ms —If hi g ntlj 
dusted oyer the surface of w t th y fl t tb h gbt 
times heavier than water Th b t tli db and 
condenaation of a layer of P li f wh h p t 
the water from wetting tbem Tb d 1 nd tl par 
tides forma a capillary caTit d th d pi I 1 me 
of tbe liquid in compariso w tb tb t th Id I se t w Ik 
npoa water and skim over t rf b tl dl t 
their feet forms capillary l t dp nts th m f m b m 
ing wetted. 

73. Oamoae of gases. — Tb dl f g 1 1 d g ea 
rise to currents, whiob pass b gb p b d with d 

Fia. 13. file's power d 1 ty 01 th d f a gl sa 
, tube with w t pla.1: Afte t d y f th t b 
be filled with hydrogen, oad ita open end intro- 
duced into a Teasel of water, the liquid rises rap- 
idly. Tbe hydrogen escapes outward through tbe 
porous plaster, while at the same time air enters 
the tube from without. But nearly four volumes, 
of hydrogen escape for one of air whiob enters, 
and these are called the di^sion^oluwtes of hydro- 
gen and air. Tbe diffusion volume of gases de-i 
pends upon their density. If a tbia sheet of In- 
dia-rubber be tied tightly over the mouth of a glass 
jar, and tbe vessel be then placed in an atmosphere 
'■ of carbonic acid, movement slowly takes place ; a 
little of the internal air escaping outward, while so large a quantity 
of carbonic aoid is transmitted inward aa to distend the membrane 
into a dome-shaped cap, (Fig. IS.) If tbe situation of the gases be 
reversed, an opposite movement takes place, and the elastic sheet 
is deeply depressed, as tbe figure indicates. This principle is 

What nalural phenomena proliabiy depend upon oanioaet J2. What fiaraplea 
aru given of the adheelon of gases eud eolldsr 73. What does FJg. IS sboiv) 
What is meant by diffBaion-volumes ) What is eHld of Iha osmotio oclion of in- 
dia-ruli'>ar aheelsf Of the lunjj membfanea 1 14. How do gaecs behave nhon «i- 
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brought into play in ntmoaplierio respiration. There is air on ono 
aide of the lung-membrane aod blood on the otter; oxygen is 
transmitted throngh the barrier from the air to the blood, and 
carbonic acid from the blood to the air. 

1i. Dlfiiiaion of gases.— The yapor of 
water will rise and fill a confined yesse! of ^ 
air just as if the space were a vacuum, es- I 
cept that it will take n little longer time. 
When gasea are exposed to each other, 
they will interniis or diffuae uniformly, 
evea in opposition to gravity. If two jars 
be connected by a narrow tnbe, (Fig, 20,) 
and the lower filled with carbonic acid, 
while the upper one is filled with hydro- 
gen, diffusion takes place through the nar- 
row passage. The light hydrogen descends, and the cnrbonio 
acid, though twenty times heavier, rises, and they become e pally 
mingled in both jars. Our atmosphe 
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ituents being 
rh h oful prodncti 
a 1 decay, insteiid 
antlj d ssolvod away 
ph cean. 

t liquids. — "When a 
vessel to another, the 



stability to this pn 
perfectly intenmi 1 d 
of respiration, o mb t 
of accumulating, m 

and dispersed in th t 

75. Adhesion f g 
liquid is pom-ed Jrom or 

gases of the air adhere to the descending stream, 
are oaiTied downward, and a portion of them le 
main, combined with it. The force to be ovtr- 
come by this adhesion is the elasticity of the gasea, 
or the mutual repulsion of their particles. Preis 
ure and cold lower the elastic force, and therefore 
favor absorption. As the temperature rises, adhe 
sion is diminished, and hence the readiest means 
of driving out a gas from solution is by boiling 

76, Diffusion of Liquids. — Adhesion takes plac 
particles of dissimilar liquids, causing their intimate mixture; thus 
a drop of ink will spread through a pint of water incorporating 
itself completely with the mass. This subject has been recently 
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investigated by Prof. Gbaham. "With suitable precautions to pre- 
Ra. 81. vent mecbanica! mi stare, he placed small jars filled 

■ ■with liquids to he tested in lai'gor ones containing 
distilled water as in fig. 21, and determined the 
amount of the inner solution that difinsed into the 
water in a given time. Substances were found to 
difiter greatly ia difiiisibility; ohlorohydric acid is the 
most diffusible substance known. The equal diffusion 
Dlffnalonof of several solutions took place in the following times; 
Uquids. Ciaorohydrio acid, 1; common salt, 2.33; sugar, 7; 
albumen, 49 ; caramel, 98. Substances thus tested ai'e called dif- 



§T1. 

77. WheneTor the force of adhesion of the particles of a liquid 
for a solid exceeds the lehole cohesive force of the latter, the solid 
is not only moistened, but its cohesion is overcome and solution 
ocours; that is, the solid disappears — mixing uniformly with the 
liquid, which remains transparent. In this case the solid is said 
to have bees dissohed by it, and the liquid employed ia called the 
solvent. A. liquid which dissolves one substanoe, may refuse to 
dissolve another, while substances insolnble in one liquid, are dis- 
solved in others ; and thus the hardest metals and minerals may 
be made to vanish and assume the transparent liquid form. 

78. "Whatever wealtens cohesion favors solution. Thus, by 
powdering a substance, cohesion is paiiially destroyed and tho sur- 
face increased ; solution is consequently promoted. Heat, in most 
oases, contributes powerfully to solution, its effect being, as is sup- 
posed, to weaken cohesion, by increasing the distance between the 
particles of the solid ; yet there are marked exceptions. "Water 
just above the freezing point dissolves twice as mnch lime as at 
the boiling point, while the solubility of common salt seems hard- 
ly affected by temperature. Some substances increase insolubility 
regularly as the temperature increases ; in many cases the solubil- 
ity increases faster than the temperature, and in others it rises 
with the increasing heat to a certain point, and then declines, 
while the temperature continues to ascend. 

U. Whatissolution? Upon what doeB It dejienia I Wliat is a solvent 1 JS. W&at 
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79. Saturation,— A liquid ia said to be satuvateA when it haa 
taken p 1 e a quantity of a, solid as it can dissolve ; in which 

a th f o of cohesion between the particles of the solid is 
eqnall d hj" th adhesioa of the solid and liquid to eiuih other. 
The 1 t p wer of liquids varies much. "Water ia the great 
sol nt and general and important is its nse, that in apeakiug 
simply t th luhility of a body, it is always understood. 

80. Precipitation. — If the adliesive force of the solid and liquid 
can be overcome, ooheaion takes place between the dissolved par- 
ticles, which again unite as a solid. This change is called pree^i- 
tation, and tho solid formed, a freeipitate. Precipitation may ho 
effected m thii-e ways : First, by removing the solvent, as in 



evaporation feecond, by modifying the solvent, 
camphor dissolves in alcohol, but if water be add- 
ed, it unites with the alcohol and so changes it 
that it can no longer hold the camphor in solu- 
tion, whHh 13 precipitated as a white cloud, and 
afterward falls to the bottom of the veisel Third 
by adding a substance which comb nes mth the 
dissolved body, forming an msoluble compound 
Thus, if osalio acid be addi,d r o 20 

to lime water, it combines with 
the lime, precipitating it by the 
formatioH of an insoluble 02a 
lateof lime. This propertyis an 
important one in chemical opera 
tions, as it enables us to separate 
the various constituents of a coi 
teot the presence of a body when 
other Bubstances. 

81, nitration, — The process of 
precipitates by straining or passing the fluid 
through any porous substance, is called filtration. 
The chemist uses unsized paper for this purpose, 
which permits the liquid to ooze slowly through, 
leaving the solid substance behind. The filter 
pajier cut and folded as in Fig. 32 takes the shape 
of Fig. 23, which adapts it to the gksa funnel. 
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To prevent tie adtesion of the paper to tie aides of tlie glass, and 
thus facilitate tlie passage of the flnid, the filter ia often, plaited, 
Hg. 24. The funnel sapporting the filter usually rests upon the 
stand, Fig. 36. 

82. Modes of Solution.— Where there are mixed materiala of 
variable solubility, with sufficient looseness of testnre to permit a 
fluid to percolate through, one substance may be separated from 
the rest by being washed, or dissolved out. This is called UicvoiO' 
Hon, a tei-m first applied to the estraction of ley ffom aahes 
(leaching. The soluble principles of plants are extracted by in/u- 
sUn, ■which consists ia pouring npon the substance a hot Uquid, 
Decoclion consists in boiling for a considerable time the materials 
to be separated. Digestion is the slow and gentle action of a sol- 
vent with warmth ; and maeeration the act of softening the sub- 
stances by steeping. 

§yii. 

1. — PEODITCTION OF CRTSTALS. 

83. Orystalloiii aad Colloid states. — When the particles of 
many substances are loosened either by solntion, melting, or other- 

^10 28 wise, so as to he permitted freely to move, they tend 

tto arrange themselves in regular geometrical forms, 
termed crystals, of which Fig. 20 may be taken as an 
example. All substances in which this tendency is 
marked are called eryetalloida. Bat all substances do 
not crystallize, and the recent researches of Prof. Gea- 
HAM, on the diffusion of hquids, lave led him to conclude 
that there is another general state of matter which is 
Crvatai of definitely contrasted with the ciystalloid, and which he 
quarti. terms the eolUid, or glue-like. Water, acids, saline 
compounds, sugar, &c., are examples of ciystalloids, while gum, 
albumen, jellies, and gelatinous silica are colloids. The crystal- 
loids tend to assume hard, angular, unchangeable forms, while the 
colloids are of a soft gelatinous nature, very changeable, and char- 
acterized by rounded outlines. Crystalloid "b ~' 
the inorganic world ; colloid in the organic. The n 
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CRYSTALLIZATION. 47 

miioh interest, and -will be referred to agwn in organic chemistry. 
TVe here consider only the crystalline state. 

84. Crystals in Nature. — Hature teems with crystals. When 
it snowa, the heavens shower them down (481), and ice is a mass 
of crystals, only ao hlended that we cannot distinguish them. 
Geology teaches that the materials of the globe were formerly in 
a melted state, so that in the slow process of cooling the opportu- 
nity was offered on the grandest scale for the formation of crys- 
tals. Hence, vast rocky syfit^ms have their constituents crystal- 
lized, and are known as the crystalline rocks. Metallic ores are 
nearly all crystallized, and immense regions of granite are but 
mountains of crystals. 

85. Crystals by Solution. — Crystals may also be artificially 
produced in Yarious ways. The readiest method of obtaining 
them is to prepare a hot, saturated solution of some substance that 
will dissolve more freely at a high than at a low temperature, 
aluM, for example, and suffer it to cool, when crystals will make 
theii" appearance. The liquid from which they are formed is 
called the mother liquor. Crystals are of all sizes, from the mi- 
nute particles of powder requiring a microscope to esaraine them, 
up to masses of crystallized quartz which are Eometimes found 
weighing several hundred pounds. Artificial crystals are some- 
times produced five or sis inches in length ; to obtain the largest 
and finest, the solution should be left quiet and inaccessible to dust. 

86. Vibration may so disturb the process as to ^^^ ji. 
cheek the growth of those which have commen- 
ced, and start a second crop upon them. Crystals 
are seldom found perfect, being generally irregu- 
lar, disguised, and distorted. Perfect alum crys- 
tals, for example, are regular octahedrons, rig. 27, 
hut Fig. 38 shows bow they appear in the large 
Tat of the manufecturer. Sometimes the attrac- 
tions are so balanced that a jar or agitation i: 
needed to start the action. In a perfectly still Crystal of ainm. 
atmosphere, water may be cooled 8 or 10 degrees below the freez- 
ing point without congealing, but the vibration of the vessel 
produces a sudden crystallization of part of the liquid into ice. 

esamplea of crystals tii natnta, XSaier wljat ciranmBtniiocB are Ihey formedl 
85. What 19 tlie test mode of preparing them! What Is the mothor liiiiiorl 
WLatof tholr Bizo! Of their perfeolioQ ? Esamplei. 88, Wlmt is the Influence 
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Any solid body intruded into the 
liimd If adhesion m y destroy the 
equilibriu b ind beg n tho [ lay of 
tlie cryBtall zing att act ona Thus 
mds are atntchtd aciosa vessels 
. contiining solution'^ cf sugar and 
form a nude is arcund which rook 
candy is cvystallued 

37 Crystals by Fusion. — Ntarly 
^ ill bodies ■wien melted and cooled 
taLe the crj stall no form, though this 
"• may not be at first perceptible. The 
spaces left letween the crystals which first form are completely 
fiEed up by the portioi a which solidify afterward, so that frac- 
ture reveals only a general crystalline structure, as may be 
observed in broken cast iron and zinc Common sheet tin is 
beautifully crystallized, though nothing of the kind is apparent. 
If with weak acid we wash off the thin surface-film of metal, 
which had cooled too rapidly to crystaJhae, tho structure will be 
Fro. 29. revealed of a beautiful, feathered appearance. 

To obtain crystals by fusion, tho excess of liquid 
"le removed from around those which are 
_ first formed. In this way beautiful sulphur 
f .^a orjatala are produced. If a quantity of this sub- 
stance be melted, and then allowed to cool till 
a crust forms upon the surface and sides of the 
vessel, crystals will be formed within, which 
up nrorysaa. ^^^ ^^ ^^^^ either by breaking the vessel, 
Pig. 39, or by piercing the crust and draining off the interior 

88. By SubUmatton and Decomposition. — Solid substances va- 
porized (suiUmed) may be condensed in the crystalline form, aa 
iodine, sulphur, arsenic. Camphor thus vaporizes and condenses 
in brilliant oryatals upon the sides of apothecaries' jars by the rise 
and fall of common temperatures. It is also possible, by decom- 
posing a compound liquid or gas, to obtain one or more of its con- 
stituents crystallized. Various compound gases, when passed 

ofngilatiQuf OfiisolMiiJtroancpdintothBsolutidn? S7. What is aaianf oryetal- 
lizstloD by fueion f How ars Bueb oryatula fotmort! Hiamplea, 88. Give eisrn- 
plaa of ocyatalfl by suWImalloo. Daoompositlon. 89. What are tLo peculiiirlties of 
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through, red-hot tubes, deposit crystala. Metallic solutions are 
decomposed by paBsing a galyanio current through them — the 
metals being deposited in the crystalline form. 

89. Amorphism. — This terra ezprasses the opposite of the crys- 
talline state. Amorphous bodies are without any regular form 
or ti'ace of orjstftilitie structure, as common glass, flint, wax, glue, 
wrought iron. They fracture irregularly, in any direction, and 
are generally more soluble, and less hard and dense, than in the 
crystalline form. Diamond is crystalline carbon ; charcoal and 
lampblack are amorphous carbon. 

90. Crystallization In tbe Solid state. — Whenever particles 
are left free, they arrange into systematic crystalline shape, and 
this strong propensity of matter is manifested even in solids. Thus 
sugar candy, at first transpai'ent and amorphous, after some time 
becomes opaqne and crystalline. Glass, by long-continued heat, 
though it does not melt, becomes also opaque and crystalline 
(Seaumur's pm-eelaiii). Brass and silver, when first cast, are 
tough and nucrystalline, but when repeatedly heated and cooled, 
they become brittle, and show traces of crystallization. Even the 
little liberty the particles obtain by the motions of heating and 
cooling they improve to asanme the crystalline condition. This 
is still better seen where the pai'ticles of bodies are thrown into 
motion by blows and vibration. Metals, by hammering, lose their 
ductility and tenacity and become brittle and oiystaliine. Copper- 
smiths, when hammering their vessels, frequently anneal them, to 
prevent their flying to pieces ; that is, they heat them, and then 
allow them to slowly cool. Thus also bells, long nmg, change 
their tone ; cannon, after frequent firing, lose their strength, and 
are rejected ; and so the perpetual Jar and vibration of railroad 
asles and the shafts of msxihinery, gradually change the tough 
fibrous wrought iron into the crystalline state, weakening them 
and increasing their liability to fracture. 

91. Phenomena attending Crjrfitallizatlon.— This ohange of 
state is usually attended by change of bulk. Water in freezing 
expands to a considerable degree, and with great power; 1,000 
parts of water are dilated to 1,063 parts of ice ; and the force ex- 
erted by the particles in changing positions is so enoi-mous as to 
burst the strongest iron vessels. Heat is always manifested when 

Ib become etyBtallfoe ! Under wliat cltcum- 
itnlllzej 91, How !b water changed bj orys- 
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cryatala are formed, in proportion to the rapidity of tlio change 
from tlie liquid to the soiid state. Light has also oocaaionally 
been noticed to accompany tlie process, Ijiit its cause is not ex- 
plained. iTuddy and imptirc solutions often yield the largest 
crystals, and the presence of foreign bodies wliich. do not them- 
selves crystallize, may thus modify the form wliiob tbe crystal 
assumes. For example, common salt usually eryatallizes in the 
form of a cube, Jig. 41, but if urina be present in the solution, it 
takes the form of the octahedron. Fig. 46. When a crystal is 
broken, there is a tendency to repair it ; it continues to increase in 
every direction, but tte growth is most aotire upon the fractured 
surface, so that {he proper outline of the figure is restored in a 
few hours. 

92. Pnrifioation by Oryatalilzation.— When substances orys- 
tallizo their tendency is to separate themselves from any foreign 
bodies with which they may have mingled. For example, if com- 
mon salt and saltpetre be dissolved in water and the solution 
slowly evaporated, they will crystalllae in different forms, and 
thus separate. Cryst^ization is hence a means of purification, 
and is of great importance in detecting adulteration and producing 
genuine articles, both for chemical and manufacturing purposes, 

a-ffORMS Off CRYSTALe: 

93. It is observed that in the living world curved linos and sur- 
feees prevail. Drops of liquid assume the spherical shape, as also 
^o the planets. We might, therefore, anticipate that dissolved 
substances, on being permitted freely to return to the solid state, 
would gather round a centre into spheres. Yet the shapes as- 
sumed under these circumstances are not curved, bnt angula/r, and 
are bounded on all sides by plane surfaces. This is well seen hy 
comparing oi-ystals with fiowera, as in the ensuing figures. 

94. Sjrmmetry in the plan of Nature. — In the production of 
her most perfect forms nature manifests a principle of symmetry — ■ 
a similarity in opposite and corresponding parts. In the higher 
animals thia principle is manifested in the 'double set of members 
right and left, while theorgaus of flowers and the parts of crya- 

talllzallont Wli»l fbroea ai-e msnifeated in oiyBtuJlimUon ! 9a HowiacryBtalli- 
2aliDn a menus of puriaontjon t 83. In what parts of nature flo onrved Hoes pre- 
vail! Wliat would thlB leadna to eKpcct of oryalalBl 64. Wliat is ajmniBttyl 
How manifested io the b^ticr animsls) What klud of symmetj'y )s ehowii 
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tala are also svmmetiioally distribnt- 
(3 Fis SO lepresents ths aummifc 
of a pjran A shaped crjstjl as we 
1 ck do n upon it It c nsista of 
ttree port ons extictly simUar to one * 
nother Tiie faces with their an 
^lea lie jepeatel in tJiet, the 
companion figure shows tiat the same 
kiud of symmetry ia found among 
flowers, as in ths lUf tribe. This is 
called three-memhered, or ti-iangiilwr 
sjmmetry, and is very abnndant iu 
both the vegetable and mioeral king- 
doms. Fig. 31 illustrates the fmir- 
memhered, or tetragonal symmetry, 
which ia abundant among minevals, 
hut more rare among plants. The 
five-nmrtliered, or pentagonal aymme- 
tiy, Tig. 33, is never found among 
perfect crystals, though it occurs 
abundantly in the animal and veg- 
etable worlds. !Fig. 38 represents 
another kind of symmetry, in which 
the opposite ends are exactly airailai- 
to each other, and also the opposite 
sides. Thia ia two-and-two-memher- 
ed, or oblong symmetiy. And finally, 
ill rig. 34, we have tlie ease of simple, 
or lilateral aymmeti-y, in which the 
two aides are exactly alike, as illns- 
trated in tffe higher animals. 

95, Axes of Crystals — There is 
an almost endlesa diversity in the 
forms which substances take when 
crystallizing, but through all. a per- 
vading plan baa been discovered. The 
crystal is snpposed to be traversed in 
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different direotiona by lines termed axes. 
These lines of symmetry govern the figure, 
and the same axes may be presevved, while 
the forms bnilt around them are endless. 

96. Sis primfiry ajstems have been 
discovered, the axes of which are repre- 
sented hy the large lines in the following 
fii,irea In each sjstem they remain the 
sitae The ii^ht hand fignies a e seen to 
te derned from the left hand ly change 
of esteinal foim 

S7 The 7eg ta s/sten Tig 35 has 
three equal axes at nght anglea to eai'h 
other Ci^stal* of this B3Steni espand 
ejnally m a!i duLctions by h at and 
lefnct hght m tie oidinaiy manner 
Common idt and iron fuitoa aio eiim 



98 Tie S2 a e piitmattr system Tig 
SC haa three axes all at right angles to 
exoh otJiei two of which are eqnal while 
tlie thii 1 IS of ft different length It ex 
lands by heat equally m two diieotions 

nly and spbts the lay of light passing 
fhiough it (^louile rcfiaetioi') as do also 
the f UP systems lemaining to be noticed 
(851) Esamplea oxide of tin and cya 
ndi, of meicury 

99 The r ght prismatto syste ? rig 
^'' has three axes of uneqiwl length at 
light angles to eai,h nthei Crvstala of 
tl IS sj stent espand uneqi l!y m the thr 6 
directions of the aseo Hitie anl tojaa 
may he taken as examples. 

100. The obUque jirmnaiie system has 



ffltlenaive! B5. What are the axes of cry 
Wbal iB tte atrnngsment of the nxcB o 
and Ugbtl BD. Desotlbe the right priani 
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three aiea, which may be nnequal, Fig C3 
Two ars placed at right anglos to each other, 
and the third is oblique to one and jerpta 
dioular to the other. Sulphate of ■'oda and 
borax are common examples. 

101. Ihn doubly oblique pTimnattctyiem, ^ *■ 

hag three axes, which may be all uneqoal ^'' "^'oiieJia] BjntLni 
and all oblique, Pig. 39. EiamplBS suli>h'\te of copper and ni 
trate of bismuth. 

102. The rJunnhohedral tj/stem, Fig. 40, haa four axes, three of 
which are equal in. the same plane, and inclined at angles of 60°, 
while the fourth is perpendicular to all. Examples : quartz, Ice- 
land spar, and ice, 

103 Cleavage— If we apply the ed^e of a knife to a piece of 
mica, it miy be Llelt into thinner piatei lad these may a^ain he 
sei irited int> tlie thmne-jt hima Neaily nil crystals will thus 
separate m ceitam diiectiona discloamg poli-hed suriacei and 
showing the order of ftrmation 
chanicd. splitting of crystals 13 
tenuod olea ge Instruments for 
meaaurmg the angles of crj stala 
ail. called gontomtteri 

104 Denvation of form — The 
cube Fin 41 may be tiki.n to 
ilkiitrqte change of figure and 
this!" chiefly effected byie].laoing 
edges and angles by pUnea Tho 
cule has e ght elges and eight 
a hd angle'j If planL surfaces 
are m] ^tituted for the edges we 
get the secondary torm Fig 42 
It ■no r^rhco tho sohd angles by 
jl^ine^ we have the form Fig 43 
It both these rej lacements occur 
together the more complex Tig 44 
results If the edges of the cube 
bo replaced until all traces of the 
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original pUneg d s'ipppai Fig 45 the rhomb o dod oahedi n la 
formed \n\ if the lold aa{,!e9 le repla(,ed by jlants to tbe 
same extent we get Fig 4b the regular ootahedion 

105 1\ e have aa d that the aecondarj or derived fo ms ot 
cnstals iro almjst mn imeral le Sii hucdrbd mod flcati ns of 
the lis bi led pr sm have baea enumerated by Dr Scoec^by 
among BDnwflake? i\hii6 IT B ufi h in i twovolime trei 
tiae has dehni,ated eight hind ed diffe ent forma of the mineral 
calcite (carbonate of hmej Hatjy has dBScrilel a single crystal 
which h^d 13i iaoQS 

106 The axe's of cryitals are not mere imaginary Imea The 
force which builds the oryatal works unequally and endows it 
with different powers m d ftcrent dreotions In tho'ie erjstals 
where the axes are all eqnal light heat and electricity are con 
ducted equally in every d reot on But where the axes are un 
equal conduction of heat and electriciti hardntba elasticity 
transparency eipanaion by heat and 1 iininona refract on are oor 
reaj ondingly unequal ahowing an acti al difference of structure 
in. the diflerent diioot ons jUbt as wood Taiiea in qualities when 
tested with or acroaa the grain. This perftct regulanty ot atruc 
tore in cryatala, by which they maiiifeat different powers in dif- 
ferent directions, can only be explained by supposing that attrac- 
tion, in causing atoms to cohere in crystalline combination, does 
not act equally all around each atom, but between certain aidea 
or pai'ts of one atom and corresponding parta of another; so that 
when allowed to unite according to tliair natural tendencies, they 
always assume a certain definite arrangement. This property of 
atoms is called polarity, because in theae circumstances they aeem 
to resemble magnets, which attract each other by their poles (153). 

107. laomorphJam. — Different substances may take the same 
crystalline form, and be eubatituted for each other, without chang- 
ing that form. Thus carbon, gold, and copper, among the ele- 
ments, and sulphide of lead, alum, and fluor spar, among the com- 
pounds, all crystallize in cubes or octahedrons which perfectly re- 
semble each other. This property is called UomorphUm (equal- 
formed), laomorphoua bodies also often closely resemble each 
other in chemical propertiea. 

given ! loS. What Is Cbe cilent of modlfleatlone 1 What did SoonESBr aBoertain ! 
M. BouRHOHf HiOTt 106. What edaenoB la thoro that orjelaUino aioa Bra tool 
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108. Dimorphism. — It was formerly supposed that each Bub- 
Btanco crystallized in one peculiar form, which afforded aa unerr- 
ing clue to its identity; but this h not invariably the caae. Some 
aubstanoes crystallize in two different forms, and are called di^ 
morphous (two-formed). Thus, Buiphur deposited from solution 
takes one form, and another when cooled from melting. Nitre 
crystallizes in large qnantities in one shape, and in small quan- 
tities it takes another. Some few snbatances crystallize in three 
distinct forms, and are called trimoTphom. 



CHAPTEB II. 

CnEMICAL FORCES, LAWS, AND LANGUAGE. 

§ I. Chemioal AttfoeUon. 

109. Vb baie seen tJie force of molecnlar attraotion prodncing 
various interesting moTements and changes, and at last o 
ing the states of bodies so as to occasion that intimate ci 
of different kinds of matter called solution. But this attraction 
takes a still more powerful form, becoming so intense as altogether 
to destroy the properties of the substances engaged and give rise 
to new kinds of matter. The force which produces this class of 
effects is known as affinity or cheirdcal attraction. Before con- 
sidering it, however, we will notice the nature of the substances 
apon which it acts. 

110. Elements and Componnda — Modem chemistry has shown 
that there are about 64 e^mejiia, or different kinds of matter, which 
cannot, by any known process, be further separated or decomposed. 
Their names are given in the following table. Most of the ma- 
terial objects of nature are, however, compounds^ formed by tlia 
union of these elements. Nature maythus be likened to a" 
the elements to letters, and the compounds to words; 

ILingsl 101. WLnt iG laomorphisni ! 108 "Wliat ie dmorphlaml 
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few letters, by their infinite divcrsitj of combination, giTO rise to 
innumerable words, sentences, and boots, 30 a few elements pro- 
dace all the boundless yariety of nn,tnral objects. 

111. In tlie following list of elements, those which are rare 
and nn'mr tint are printed in italics ■ 
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112 Analysis and Bynthes a —The aeparit on of componnd 
bodies nto a mi ler ones s called araflJ^fw A compound may con 
eist of oompoands and the first analys a may g ve only ts nearest 
or ^ oj a-€ parL while he ae ond si owi ts It ma e const tu 
enta o elements This flonr may be decomposed nto gluten 
starch 1 and wat (p ox ate a alyt ) bnt theae nbstances 
may aj,a n be esolved mto the r final elementa { Ui nuU atta^/ 
als) Q al tat e analysis determ nes of mh t elements a com 
pound conaiats qva t tat ve analysis ascertain'' t projo tio s 
Syi thesis consists n oombnng the elementa nto compounds 
it is therefore the reverse of analy s 
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113. Affinity.— Tlie force brought into play ia carrying on 
these changes is not manifested alike between all kinds of bodies ; 
some exert it only in a feeble degree, and others powerfully. It 
Beems to manifest a kind of preference or election, which induced 
the alchemists long ago to name it 'affinity. The term, however, 
is unfortunate, as it properly aignifles reaembianoe or relationship, 
whereas in otemiatry it ia only the name of the force which pro- 
duces chemical union. 

114. Conditlonn of its exerciso. — Like adhesion, this force 
acts only between unliie bodies. If the earth con^ted of 
but one kind of jaatter, mercury, for instance, there might be 
gravitation and' cohesion, but affinity wonld be impossible. It 
might be physically changed by freezing, melting, ov Taporizing, 
yet it would remain mercury still. But if sulphur were added, it 
■would combine with the metal, forming a new substance, a ciw!- 
paund, and thus chemistry, which implies a plurality of elemente, 
would come into esistence. 

116. However intimate the mixture of Buhstanoes may be, 
their separate properties remain unchanged unless chemical action 
takes place. In the manufacture of gunpowder, its elements, char- 
coal, aulphur, and nitre, are separately reduced to a state of fine 
powder, theu thoroughly mixed, moistened, and ground for hours 
with stones, and afterward intensely pressed and pulverized. But 
dose as is the combination. It is otHj tnechanical j water will wash 
out the nitre, and bi-aulphide of carbon dissolve the sulphur, 
leaving the charcoal. The particles are not brought within each 
other's attractions, and affinity still dumhera. But a sparic of fire 
awakens it, the elements rush into combination and disappear, 
leaving iu tJieir stead a-huge volume of gaseous matter. 

116. Changea wrought by Affloity.— ITewness of properties, 
either in color, odor, foim, density, or some otlier quality, is a con- 
sequence of all chemical union. It may convert two solids into a 
liquid, two liquids into a solid, or even two gaaes into a solid. 
Thus, when black charcoal and yeUow sulphur combine, the com- 
pound formed is colorless as water, and highly volatile. Sulphur 
and quicksilver unite to form the bright-red vermilion. Nitrogen 
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and osygen are neutral and tasteless, separate or mixed ; yet one 
of tb-oir compounds, laughing gag, is aweet, producing delirium 
wlieii breatlied ; and anotlier, nitrio acid, is an intensely sour, cor- 
rosive poison : tliey are tioth invisible, yet they fomi a cLerrj-red 
gas. Carbon and hydrogen aire odorless, ypt tljey combine to pro- 
duce our choicest perfumes. Mild and scentless hydrogen and ni- 
trogen form, tlie pungent ammonia ; while auffooating and poison- 
ous chlorine, united with a brilliant metal, gives rise to common 
salt. The last-mentioned compound strikingly illustrates the enor- 
mous power of afBuity in producing condensation. Thus 24 pai'ts, 
by measure, of common salt contain 25.8 parts, or more tTian its 
own hdh, of the metal sodium, besides 30 parts by measure of 
liquid chlorine. ITo known mechanical force could have pro- 
duced this condensation, and yet affinity readily effects it ; — the 
product, rook salt, being more transpai-ent than glass. 

117. There is, however, a gradation in these effects. Sub- 
stances resembling each other are feebly attracted together, and 
only lose their propeities partially, and the wider the diffeienoe, 
the stronger is the aftnity, and the more complete the ti anstorma- 
tion. Jf the elements aie very siiojlai, the compound niU show 
its parentage ; if quite unlike aO traces of its derivition will ha 
lost. Thus, iron and merouiy form a comjound whce metallic 
aspect immediately betiays its oiigm, but who, on looking at 
gypsum, would suppose it consisted of caustic lime and corrosive 
sulphuric acid. 

118. Affinities Uneqiial — The chemical force whii'h hinds to- 
gether the constituents of a compound is definite and undei like 
circumstancea, remains always the same ; but it vanes m intensity 
among different substances. Thus, cai'bonic acid will oombine 
with soda, forming carbonate of soda. But if acetic acid be 
brought into contact with this compound, it will drive off the car- 
honio aoid and take its place, forming acetate of soda. Again, the 
affinity of chlorohydric acid for the soda is superior to that of the 
acetic acid ; it will therefore expel it and form a new substance. 
Tables have been constructed, representing the order of affinities 
among different substances, but so many causes disturb the play 
of this force that they are of bnt little value. 

llhiBtmtigne. IIT When will tliie chmgo t= greatest! When loaBtl Eiam- 
ples. 118. WbntiaenLil of the vatinbmiy of nffinityt What will bo tbo eflbot If 
aoclio aoiaiio nijiied lo oarionBto of BOGaJ Hyatochlorio acid to occiato of auflaT 
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119. DiBplacement. — Chemical compounds are formed in two 
ways. First, wliere the affinity is powerful, the substances com- 
bine directly wben brought together. But by far the more fre- 
quent method, both in the laboratory and in nature, is where, in a 
body already formed, one of its ingredients ia replaced by another 
Bubstance, and a new compound leaults. The changes mentioned 
in the preceding paragraph are a series of displacements of this 
kind. This method of cliemioal action by mbatitvUon is very im- 
portant, and will be again referred to. 

130. CommBBicemfliit of chemical action. — When some Buh- 
stances are brought into contact, chemical union instantly occurs; 
bnt in most cases another force, heat, for example, is necessary to 
commence the action. Thus, a heap of charcoal may remain ex- 
posed to the air for years unchanged ; but, if beat he applied, it 
will arouse a chemical action between the charcoal and the oxygen 
of the air, which will continue till the entire mass ia consumed. 
Phosphide of hydrogen, on the contrary, bursts into flame the 
moment it is exposed to the air. 

.121. InfluBuoD ofOoheaion. — Cohesion ohsti-ucts tho worlting 
of affinity. In very rare cases, as phoaphorna and iodine, solids 
may directly combine; hut, as a general principle, cohesion must 
be entirely overcome, either by melting or dissolving one or both 
the ingredients, before chemical action can take plane. Solution is, 
therefore, one of the grand processes of the laboratoiy, and sol- 
vents have been found for all substances. 

122. Tha nasoent state. — The moment in which substances are 
liberated from union with each other is called the naaeent (grow- 
ing) state, and, at this time, they often enter into combinations which 
conld not be formed under other circumstances. Nitrogen and 
hydrogen gases, if mingled, do not unite; hut when set free at the 
same time, by the decomposition of vegetable matter, they readily 
combine to form ammonia. The chemical union of two substances 
is often effected by the bare presence of a third body, which re- 
mains unchanged during the process. This is termed catalysis, or 
contact action, and its causes are not understood. 

119. How d»B dlroct com nst on differ from combination by aiaplaoemont 1 

EsaiuplcB. 121. Wli II hTa e o upon tbe play of nffiatty? Excep- 
lioDB, Whal is saia of 90 onl I^Z What la the nascent olatfl t IM relotlon 
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§ II. LoAm of Chmnical Combination. 

133. TheMathematicaofOlienustry.— When instruments of 
weighing tad attained a snfBoient degree of perfection, it was 
found that, however often matter might change its form, nothiog 
was either gained or lost— that its quantity remained the same. 
But other results of the highest importance also followed. It was 
discovered, that the force of affinity, as well as that of grayitation, 
conforms to esact numerical laws; that thero ia a mathematical 
order in the domain of chemistry aa absolute as that which reigns 
in the realm of astronomy. As the forces which gOTern the heav- 
enly bodies causo them to complete their revolutions with iniinite 
regularity and precision, bo the chemical force which binds to- 
gether the constituents of a compound, produces its results always 
in the aame definite and unalterable proportions. This is the 
foundation principle of the science. When the composition of a 
sample of water, common salt, or lime, is once accurately deter- 
mined, the knowledge applies to all water, common salt, and lime ; 
and so of every other substance. Pure water consists of 8 pai-ts, 
by weight, of oxygen, combined with 1 part, by weight, of hydro- 
gen ; and we can produce it by the union of its elements in these 
proportions, and no other. So potash invariably consists of 39 
parts potassium and 8 oxygen ; and common salt, of SB chlorine to 
23 sodium. Certain numbers, ascertained by esperiment, and 
colled comiining nuirtT)ers, express the proportions in wHch ele- 
ments invariably unite to form all chemical compounds. 

124. How marvellous is this order ! The stones and soil be- 
neath our feet, and the ponderous mountains, are not mere con- 
fused masses of matter ; they are pervaded through their inner- 
most constitution by the harmony of numbers. The elements of 
the wood we burn are associated in fixed mathematical ratios. In 
the violence of combustion, the bond that held them together is 
destroyed ; they break away and rush into new combinations, but 
they cannot escape the law of numerical destiny. The burning 

to afflnilFt Give an esample. Wl at la mennt ty oi alvslsf 12S. "What im- 
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candle gradually wastea away before i 
passes beyond, tlie react of sight; butintLat myiaible region, forces 
ai'e plajing among its unseen particles with the same esactitude 
and harmony as among those whioh rule the constellations. And 
so 13 it -with all chemical mutations. la the gradual growth of 
living structures, in the digestion of food, and in the slow decay 
of organic matter, no less than in its quick oomhustion, the trans- 
position of elements takes place in rigorous accordance with the 
laws of qaantitative proportion. 

126. The Ohemioal Chart.— To representthese foundation facts 
of ohemiatry to the most impressible of the senses — the eye — 
and giye the student the same advantage in the study of thia 
science that is derived from maps iu Geography and Astronomy, 
the author has prcpai'ed a Chemical Chart, which presents the laws 
of combination, in a great number of cases, iu the simplest and 
clearest manner. The left colmmi em t IS f th m t m 
portant elementary substanoea, and p t h by a q ire 

colored diagram. Single squares r p t 1 m ts but wl n 

joined together, as shown by the c g 1 tl y nd ate 

compounds. As a separate color is th d t a h 1 m nt 

of a compound body, its exact comp ti hbtdatagln 

The areas of the diagrams correspond to the combining n mb s 
and thus represent relatii'e quantities to the eye. The h d gen 
square being smallest, the oxygen bqnare is 8 times I g the 
oarhon square 0, and the chlorine 85 times larger. D j, am f 
the same color have always the same size. Thus oxygen, wher- 
ever found, is seen obeying the law of its fixed proportions ; its 
square is always of tlis same size, and so witli all the oUier ele- 
ments.* 

126. Equivalents.— If we take equal quantities of two ele- 
ments, wo do not find that they possess equal powers of attraction, 

• Ohlorire, Oartion, Sulnbur, and Fhoanlioraa nre repreaented upon the Chart 
liy ebelr naenral colora. I^^uorliie, ftam fta BnppoGed rostmblBQCe to OEv^n in 
proDPrtieB, bss an analogoos tint ; Hitrajten is of ihe color of the Hlr Ceky blue), of 
wliioh It (b the chief Insradlent. Oi^eon, aa the Bralnliier of combnetioii, and the 
ogsnt which ohargee ths Wood from a purple to a florid tint, te rppreaented of a 

ine to tie BtTBiiKth of the nlkallea whloh they form. (The nlkaliee rentore the blue 
Toixetablii colors dlBclinracd by Hcldf.) Aluminum, the bselB of olny, la of a clay 
color. Silicon, -nhtoh is said soniswbat to reaeinble carbon, Ib of a dirk color. 
Ii-OLi fonuB green-colored salts, and numgaueBo thoBO of a rose color. 
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There ia as muoh oliemical energy or neutralizing power in one 
grain of hydrogen as in 8 groins of oxygen ; and 86 grains of chlo- 
rine neutralize 8 grwns of oxygen, only equally well with 1 grain 
of hydi-ogen. Therefore, 1 gr. of hydrogeo, 8 grs, of oxygen, and 
36 gra. of chlorine, are of equal value ohemioally — in other words, 
they are equivalents. When two bodies oomhine with a third, as 
they are each equivalents of the third body, so are they also 
equivalents of each other, and unite together in exactly the same 
proportions. For example, 1 part of hydrogen combines with 8 
of osygen, and 35 of ehlorine combine with 8 of oxygen, but S5 
of chlorine is the very quantity vrhieh combines with 1 of hydro- 
gen. Thus the proportion in which any two bodies combine with 
each other ia that in which they eombino with ever^ other. 

127. Combining or oqulvalenl numbers. — To each chemical 
substance, therefore, ia attached its fixed number, and these nnm- 
bers are so mutually related, that no one can be changed without 
a corresponding alteration of the whole series. Wo may employ 
any scale, bo the relative values ^re maintained. We aiiopt the 
hydrogen scale, which is, perhaps, the best for general teaching. 
As hydrogen combines in the smallest proportion of any element, 
it ia assumed aa 1, oxygen will then be 8, nitrogen 14, &c. As 
ojygen, howeyor, has the largest range of affinity, it is more con- 
venient, in laboratory' vrork, to assume it as 100, in which case 
hydrogen becomes 12.6, and the other numbers are changed ac- 
cordingly. 

128. Multipleproportlons.— When combinations occur in more 
proportions than one, the larger quantities ore multiples of the 
smaller hy a whole munier. The compounds of nitrogen and 
osygen furnish a beautiful illustration of this law. The propor- 
tion of nitrogen is the same in all : 14 pai-ts of nitrogen to 8 of 
oxygen form a compound with one set of properties ; twice 8 of 
oxygen gives another compound with different properties; thrice 
8 produces still a different substance ; 32 parts, another ; and 40, 
or five times 8, yet another. (See Chemical Chart.) 

129. The la,w of equivalents applies to compounds aa well aa 
to elements. The equivalent of a compound body is the sum of 
the equivalents of its elements. Thus the equivalent of lime is 38, 

121. Ip filing ooraWning numbers, wliy U the lydragon eoale Bcaaially a 
Ed! Wliat an ■ " 
mnltlplo propoi 
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md of calciain 20, and osygen 8 (30+8=38) ; for 
carbonic acid 22; carbna 6, osygea 16 (6+16=32) ; and of mar- 
ble orohalk, it is 60 lime 2b, carbonic ai-id 33 (28+32=50). 
A knowle^e ot the combining nnmbera la of the first impor- 
tance in all departments of practical chemistij, whether in the 
laboratory, or in the manutactoiy, to deteimine the quantities in 
which materials shall be employed Ihe combining numbers of 
the substances upon the Ohait should be eommittt^d to memory. 

130. Comliiiiation by Volume.— In dealmg with gas, it is more 
convenient to measure than to weigh it; and as it combines 
by equivalents in weight, it becomes important to know what 
amount of volume they occupy. When we take equivalent quanti- 
fiea of the gases, we find that the spaces they fill do not bear the 
same relation to each other aa the equivalent weights, nor are the 
spaoea all alike, yet a very aimple relation does subsist between 
them, which ia shown aa follows :^ The equivalent number being 
8 for oxygen, 8 grains of it are placed in a vessel which will ex- 
actly contain tliem. The gas is then removed, and 33 grains of 
solid phosphorus introduced, that number being the equivalent 
of this element. The phosphorus is then vaporized by heat, and 
the vapor esactlf fills the vessel. The equivalent weights of oxy- 
gen and phosphorus are unequal ; but when brought into the 
same condition of vapor, they fill equal spaces, and have, therefore, 
equivalent volumes, which are expressed thus ; oxygen = C 
phosphorus = □■ . 

131. If, now, we take an equivalent of hydrogen, or 1 grain, 
we find that the vessel will hold but half of it; its volume is 
therefore | | j , being double that of the oxygen or phosphorus. 
Consequently, if we wished to unite osygen and hydrogen ia 
equivalent weights, so aa to form water, we would take one meas- 
ure of the former, and two of the latter. Sometimes gases are 
condensed by combination. Two measures of hydrogen and one 
of oxygen produce but two of watery vapor. Thus oxygen = □, 
hydrogen = [~r~ \, steam = r~l~ )- In measuring by volume, 
oxygen has hitherto been taken as the unit, but Gekhakdt makes 
hydrogen the unit. His views will be better understood after 
studying the nomenclature. 
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§ III. The Atomic Theory. 
133 The hws of ohemioal combination whicli have been ex- 
plained aie iiiJependeat of all Bpeculation, being the resnlt of 
facts estabiisiied by multiplied obsevvations and experiments, and 
may be venfied at any time by accurately analyzing a few chemi- 
cal compounds But this was unsatisfactory — an explanation was 
demanded — a reason was required for the remai'kable behaTior of 
chemical force in thus rigidly limiting the proportions of combin- 
ing quantities. To solve this problem, Dr. Daltoh offered the 
Atomic Them-y, whioh'has ah-eady been referred to in its phjsicfli 
aapecta. 

133. What it Teaches.— This theory aasuraes, >■«(, that all 
matter is composed of indivisible, unchangeable atoms; second, 
that atoms of the same element have the same weight, but that in 
different elements they have different weights; third, that the 
combining numbers represent these relative weights ; and, fourth, 
that all chemical compounds are formed by the union of different 
atoms. 

134. Thisdoctrine.ifaccepted, offers an explanation of the laws 
of combining propoitions. Thus, if water be composed of an oxygen 
atom weighing 8, and a hydrogen atom weighing 1, then its com- 
position must be definite and invariable, and evei-y specimen of it, 
whether it be a grain or a ton, must give, upon analysis, % of one 
gas and \ of the other. Also, if the atoms of each element poaseas 
invariabJe weight, they must, in all their combinations, exhibit 
equal and reciprocal values. And again, as an atom is the least 
quantity that can enter into combination, the compound can only 
be inweased by the addition of 'whole, atoms, so that the combining 
number expressing the lai-ge quantity must be an exact multiple 
of the migU atomic number. Tlie Ghemical Chart offers a beauti- 
ful Elustration of the atomic theory. 

136. "Whethermatterbeinfinitely divisible ornot, is an old con- 
troversy, not yet settled. It would sema that it is so, as we cannot 
imagine a particle so minute that we may not conceive it to be 
again, divided. But putting aside speculation as to what may he, 
the chemist assumes that in the present order of nature there a/re 
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nltimate indwisible atoms. Tbe atomic theory has been objected 
to as not in accortlanoe with all the facts of chemistry ; yet as a 
convenient hypothesis to facilitate study and inquiry, it has been, 
and is still of incalculable value. "We subjoin two cases of its 
jnost recent application. 

136. iBomerism.— Until lately, it was the preyailing opinion 
that oh emioaJ properties depend solely upon chemical composition, 
and hence that similar composition necessitatea similar proper- 
ties. For ft long time, if two substances of different properties 
were found, upon analysis, to have one composition, it was held 
that the experimenter must have erred, But so constant and in- 
creasing were such results as at length to establish the fact that 
bodies of different composition may still have the same proper- 
ties. Bodies thus constituted are said to be isomeric, from isos, 
equal, and meroa, measure, and are called isomerides. For ex- 
ample, the fragrant oil of roses and the chief illuminating oon- 
sfitnent of common street gas are isomeric ; a compotuid atom of 
each consists of four atoms of carbon and four of hydrogen. To 
explain this we are compelled to assume that the constituent atoms 
of a compound may have different arrangements. The same atoms 
which if gronped in one way give rise to one substance, if re- 
grouped in another give rise to a different substance. 

137. If bodies have the same absolute composition, as in the 
above example, they are said to be metamerio compounds, and the 
groupings of their constituent atoms may be represented by the 
structure of such words as ate, eat, tea, &c. But sometimes sub- 
stances have only the same proportional composition ; they are 
then said to 'ba polymerie compounds. Thus aldehyde consists of 
carbon, four; oxygen, four; and hydrogen, two; while acetic 
ether consists of just double these elements ; jet the per cent, pro- 
portion of both Qiese compounds is the same. The relations of 
such bodiei resemble tlio'se of the words Pa, Fapa; Tar, Tartar. 
133 Allot opism — S c th ng analogous to this is manifested 
by th 1 m nt th m 1 "W thin the last few years it has 

b n f nd that tl e 1 m ut my change their properties and 
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paaa from state to state. Tfe have a striking instance of this in 
oaibon, wliicii in one condition gives us tlie brOliant, transparent, 
and almost incombustible diamond ; in anotber, tbe black, opaque, 
easily inflammable cliaruoal ; while ia another we have the metal- 
like graphite. Thia cnrious phenomenon ia called alloiropism, a 
word which means Bimplf different states. It was at first sup- 
posed that but few of tbe elements were allotropio, hut it is now 
found that nearly all of them take on thia doubleneas of condition, 
while some have several phases. The explanation of these effects 
is that the atortia constituting the element are differently arranged 
in the different cases. 

§ lY. The jybmencktiure — Chemical Language. 

139, The chemical nomenolature is a system of naming in 
which the structure of the terms employed expresaes the composi- 
tion of the substances to whioh they are applied. The beautiful 
order of chemical composition ia well fitted for such a device, and 
hence this nomenclature is the most perfect to be found in any of 
the sciences. It was devised by a coromittee of the French Acade- 
my in 1787, as it was found that chemical compounds were mniti- 
plying so rapidly that no memory could retain their arbitrary 
names. With the progress of the acience tbe principles of the 
nomenclature have been changed and extended. 

140, Naming the elements.— In the case of elements long 
known, the old established names were retained, but where a new 
one was discovered, a name was given expressive of some leading 
quality by which it was distinguished. Thus chlorine takes its 
name from its greenish color ; iodine from its purple vapor ; phos- 
phorus (bea/rer of light) from its being luminous in the dark. The 
lately discovered metals arc distinguished by the common termi- 
nation Mire, as platinum, thalium. Among non-metallic elements, 
analogy of properties is indicated by similaiity of termination, as 
chlorine, bromine, fluorine; or cai'hon, boron, silicon. 

141, Naming of binary compounds. — The union of two ele- 
ments forms a Mnary compound (M«, twice), three elements form 

tBUnlsappiiedloitt 139. What Is the ohcniicia nomotiElafure I WhBt ia aald of 
Its 'WliEniindbj'ivliomwaaildBTisoilf For wlmt njason I Wliot line Ehttnged 
lt( HO, What rulohsiB boon oliservea 'in naming the olonirnta? How are the 
metala aiBttagulshed 1 How ia analogy of propertisB Indicated in other elemental 
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a tBrmwy, and four a quattrna/ry compound. Where the com- 
pound oontaina but one atom of caoh, both elements are designat- 
ed IB the name. Thus a compound of osygen and lead ia called 
oxide of lead. When binary compounds are decomposed bj the 
electrical battery, one element passes to the positive pole, and is 
termed the eleetro-negaiive element ; the other goes to the nega- 
tive pole, and is called the elecPro-positivB element. In forming a 
name, the ekotra-negatme ingredient isplaced ^'st, and marks the 
genus, while the electro-positive comes last, and indicates the spe- 
cies. The first, or electro-aegative element, is distinguished by 
the termination ide; thus oxygen forma osides; chlorine, chlo- 
rides; iodine, iodides; fluorme, fluorides; carbon, carbides; sul- 
phur, sulphides ; phosphorus, phoaphides. The saffix wi-et was 
formerly applied in these cases, as snlphuret of lead, carburet of 
iron, but it is now less used. 

142, Acids, — Acids form an estcnsiye and important group of 
binary compounds. They are generally soinble in water, eonr to 
the taste, and change vegetable blue colors to red. Litmia, a 
blue vegetable estraet, is commonly used as a test of acidity. 
"When not weakened by dilution with water, they decompose and 
destroy v^etable and animal substances, and likewise corrode and 
dissolve the metals. Acetic, sulphuric, and nitric acids are fa- 
miliar esamples of this class. Acids are also distinguished by their 
powejfnl attraction for another class of bodies called loses. This 
is, indeed, their genuine test, for certain insoluble substances, as 
siJica, neither taste sour nor affect blue paper, yet, when melted, 
they manifest acid properties, combining strongly with bases. 
The principle acids are of two kinds, called oxacids and hydraoids. 
The former are so named because osygen ia their loading ingre- 
dient; whereas, in the latter, it is hydrogen. 

143. Naming the acids.~Osacids are named from the element 
with which the oxygen unites. Thus sulphur with oxygen gives 
snlplmrie acid; carbon with osygen gives carbonic acid. The 
varying proportions of oxygen are distinguished by terminations 
and prefixes. Thus, io indicates the strongev, oua a weaker, and 

141. How le the Dnmter of elenierlB in Boompouna denoted) "When there Lb but 
oiientom ofcnoTi element In n Wnnty oonipoQiia,howis itramedl Whfch comeB 
first) Wh»t lennlnoHon has it) Essmploe. 142. What ore aoids? What la 
litonasi "What is theaiBtingnlaliloetest of ncldltj! How are lie principal acids 
divided) 143. How ai'e oiaoida named 1 How are tiie different proportiona of 
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the prefls fiypo, which signifies under, a stili weaker acid. Thus, 
nitric aoid coataiha more oxygen, than nitrous acid, aad this more 
than hypoaitrons acid. The prefix AypcT meana nuire, as hyper- 
chloric acid, or more commonly perchloric acid, which contains 
more oxygen tlian chloric acid. In naming tlie Iiydracids, both 
elements are mentioned ; as hydrogen and chlorine form hydro- 
chloric, or, according to the principle just laid down, chlorohydrio 
acid; iodine and hydrogen iodohydric acid. 

144. Baaes. — All todies which combine ivith aoida and neu- 
trslvM them are called bases. This class includes alltalies, alkaline 
eai'ths, and many other substances wholly unlike them in char- 
acter. Alkalies, in their leading properties, are the r.everse of acids. 
They have 611 acrid, nauseona taste, and restore the vegetable blue 
colors turned i-ed by acids. like acids, however, they are power- 
fully solvent and corrosive. Potash, soda, and ammonia are ex- 
amples. Alkaline earths, as lime and magnesia, possess these qual- 
ities in a lower d,egree. 

145. Naming the Bases. — Moat of the hases are formed by the 
union of oiygen with metals, as oxide of iron, oxide of potassiam. 
When oxygen combiues with the same element in different pro- 
portions, forming several oxides, the degree of oxidation is indi- 
cated by the use of prefixes. Tims, proto means one eq^uivalent, 
or the lowest proportion of oxygen ; deuto, two ; and trito, three. 
Per denotes the highest degree of oxidation, and- ia often ap- 
plied to the dentoxide and tritoside. £i?i-oxide is equivalent to 
dentoxide, and ter-oxHn to tritoxide, while sesjwvoxides are those 
in which the oxygen is in the proportion of one and a half to one 
of the element with which it is combined. Some oxides of in- 
ferior basic properties are termed suS-oxidos. 

145. Salts. — The combination of an acid and a base forma a «o?f. 
The properties of both constituents are neutralized, and the rosalt- 
ant oomponnd has entirely new qualities. The neutralization may 
be perfect or pai'tial ; if perfect, a neutral salt is the result. If, 
however, there is not sufficient base completely to saturate the acid, 
an acid salt, or super-salt, is formed ; while, if the base is in ex- 
cess, a basic mlt, or Mih-salt, reanlts. The term salt ia not limited 
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to bodies having a salino taata. Many tasteless subitanoes, suoh 
as glass, marble, and various minerals and rocks, being conipcsed. 
of acids and bases, are properly salts. The cunstitution ct salts 
win be noticed hereafter, 

147. Naming the Salts,— Salts are named tiora both their ele- 
ments, as phosphate of lime from phosphoric acid and lime. But 
as several acids of the same general name may combiQe with one 
base, tii& salts foraied are distinguished by turning the ie of the 
acid into ate ot the salt ; and ous of the aoid into ite of the salt. 
Thns, nitnc a:,id forms niti'afes, phosphoric aoid, phosphttfej, &c., 
while nitious acid produces uitHtea, and hyposolphTirotis add, 
hypoflulphito The basic element of a salt is indicated by its 
usual prefixes, thus, ^wiiosulphate of iron is sulphate of the 
pjotexiAe of iion. Salts of the protoxide are called protossitis, 
and salts of the peroxide, yersalts. niustrated exereiaes in the 
nomenclature of acids, bases, and salts, will be found npon the 
Cbemital Chart 

148. Symbols.— To faeihtate chemical labor, BbezeU0b intro- 
duced a system ofaymioU, by which, not only the names of sub- 
stances, but their composition and changes are expressed by abbre- 
viations. The symbols of the elements are the fii'st letters of their 
names, ea, for carbon 0, for oxygen O, for hydrogen H, and for nitro- 
gen!^. But, as several substances may have the same initial letter, 
we either employ, to distinguish them, the first letter of their" 
Latin names, or add a second small letter. Thus, as stands for 
carbon, 01 is taken for chlorine ; and as P represents phosphorus, 
we use, for potassium, K, from ialiuvi, the Latin for potash. A 
symbolic letter denotes, not merely an element, but one propor- 
tion, or atom, of that element. Thus, H stands for one equiva- 
lent of hydrogen, and for one equivalent of osygen. If more 
proportions than one are to be expressed, a small figure is added: 
thus, Os stands for two proportions of osygen, Hj for three of 
hydrogen. In the table of elementary bodies (111) the symbol and 
combining number are given opposite each name. 

149, Formulee.— To express oompowtion we place together the 
symbols of the elements of which the compound is formed; thus 
HO is the symbol for water, COa for earbonio aoid. Here the 
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eUciro-posiPke element is placed first. A collection of sjmbola 
expressing oomposition or ohaeges is called a formula. In ex- 
pressing changes the sign + signifies addition to or misturc with, 
while the sign = signifles equivalency with or conversion into. 
The substances which act upon each other to produce cbemical 
changes are called reagmta, and the changes themselves reactions. 
The results of reaction are expressed by means of chemical equa- 
tioTw, in which the substances before the change are placed at the 
left, and the products of the change at the right. The reaction 
betweennitrateof baryta and sulphate of potash is thus expressed: 



As nothing is either gained dp destroyed in the operation, the 
quantities on each side are equal, as may be tested by forming an 
equation of the equivalent numbers. 

160. A bare statement of the elements of a compound, with no 
indication of the inay in which they are, combined, is called ani?m- 
pirical formula (38). Sational formula express the views of the 
chemist as to the manner in which the elements are grouped. 
Thus the empirical formula for nitrate of potash would be KFOo. 
Bat as it is formed by the combination of nitric acid and potash, 
it is rationally written as if it consisted of them ; thus KO.NOi,, 
the comma serving, as it were, to dissect the compound, and show 
how it is constituted. Sometimes the plus sign is used to iudieat* 
feeble attraction. Thns crystallized carbonate of soda is NaO, 
COs + lOHO, the ten equivalents of water being more loosely asso- 
ciated with the salt tlian the ingredients of the salt are with each 
other. To denote more than one equivalent of a compound, 
its formula is in losed m a bracket with the number prefixed. 
Thus, three eqi n ■ilents of nitrate of potash would be written 
3(KO,NOs). Tlie figure prefixed multiplies only the symbols in 
the brackets, as m the tollowing formila for crystallized alum,' 
which contains 3 equn alents of sulphnnc acid : 

Al O 3(805)+KO SOj+SiHO, 
140. "What arc ftirmiilai! How are the eymbola orranged ! What does + aignlfi'f 
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If brackets are omitted, the figures multiply all between tbem and 
the nest comma or plus sign. 

151. Later views of Gerhardt and Laiirent.— Certain ideas 
advanced by these chemista have been latterly growing in favor. 
Hydrogen, being the lightest substance known, is taken as the 
standard for the apecifie gravity of gases. It ia found that the 
bulk or volume of a gi-ain of hydrogen is the same as that of 14 
grs. of nitrogen, 35. 5 grs. of chlorine, and 80 grs. of bromine. Now 
these numbers are precisely the atomic weights of the bodies, so 
that the same numbers express both atomic weight and specific 
gravity. But the same bulk of oxygen weighs 16 grs., which is 
just twice its atomic number. And when the vapor volumes of 
carbon and sulphur are detei'mined, it is found that to fill the 
same space takes 13 grs. of carbon and 03 of sulphur ; these 
^ain being just twice then- atomic weights. To obtain uni- 
formity therefore, as well as for other reasons which cannot 
be here stated, the atomic cumbers of osygen, carbon, and sul- 
phur are doubled. In this way the &ame numbers are made to 
express three fat'ts, viz, : atomic weight, spi-cifio gravity, and 
combiuing volume . 

152. On this view the symbols represent equal volumes of their 
elements. Hence the formula for clilorohydric acid, HCl, implies a 
combination of one volume of hydrogen with one of chlorine [hM . 
Water is 3 combination of two volumes of hydrogen with one of 

osygen, thus f^{5], and is written HaO ; while ammonia, HqW, im- 

[HL, 
plies a union of three volumes of hydrogen with one of nitrogen hn| . 

It will be noticed in the ease of water that the doubling of osygen 
is the consequence of halving the hydrogen ; if we take equal vol- 
umes, their weights are as 16 to 1 ; hut as there ai-e two volumes 
of hydrogen, the composition of water becomes HaO, the oxygen 
being 16. There are other reasons for considering the composition 
of water as more complex than .has ;-been formerly supposed, so 
that without adopting the views of(^fiaiBDT, we may still regard 
water as HaOs instead of HO. 

161, "Whotlilaoe does hydrogen hoia In the aystemof Gekhsrdt? What relotlona 
have bean found to exist among aonie of the olemenlsf Why ate thB numbera for 
carbon, Bnlphur, and oiygondonblod! What fslhua gained ) 162. On this view wbot 
do tbeeynibola represent! WhatdoeaH ClimplylHowiBwatcrwi-itten? Ammo- 
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CnAPTEH III. 



§ I. General Oomidefations. 

153. The true idea of force is difficult to fix steadily ia the 
mind; in the early stages of science it seemed impossible. (388J 
Forces were therefore matei-ialUed. It was sdd there are two 
kinds of matter, the gross sort wMcli we can weigh, and the other 
whioh. we cannot weigh. — iw^ncleTabli matter consisting of subtile 
fluids or particles which, by their assumed properties produce the 
effect of force. Hence the forces heat, light, and electricity are 
known as imponderahks. These crude conceptions of force may 
have been useful and necessary in the earlier progress of science, 
but they now no longer answer. The idea of a multiplicity of 
fluids of different natures is out of harmony with the whole body 
of recent facts, and lias become a positive liiudrancc to the ad- 
vance of thought. AH the tendencies of inquiry are toward a 
far closer relation than was formerly suspected between the dif- 
ferent modes of force— a great and fruitful idea which might per- 
haps have been, worked out earlier but for the notion that each 
forceisapeculiaranddistinct kind of matter. As we know nothing 
of foi-ce except through matter and by changes in it, the later -views 
regard it as only an activity, or mode of motion, of common matter, 

1 54. We take up electricity before heat and light, because it ia 
best adapted to familiarize the pupil with the general conception 
of polarity, which has become a fundamental idea in the newer 
philosophy of forces. For the same reason magnetism is the branch 
of electricity first considered. It is .also desirable to study elec- 
tricity first, as it has furnished the moat delicate and valuable in- 
struments for investigations in heat. 

165. Origin of ths Soienoe. — Wearly 2,600 years ago it was ob- 
served that when a piece of amber was rubbed, light substances 
Bear by became animated with motion, and flew toward it. This 
Was considered marvellous, and amber was thought to have a soul. 

nlat WIiBtiB-Miaiiinsnttltnwatcr) 16S. Why wete forces at Brst miiteriallaad » 
How waa inatler divided I What is aiiid of tl 
UDdeDcyt„.IM. Why b elecMcit; aansider< 
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Long afterward it was found that otter substancea manifested 
tlie aaino .property ; they were, therefore, amber-like, and the pe- 
culiar agency received the nam© of ehetvicity, from the Greek 
word electron, amber. 

156. Its present Importance. — For more than, two thousand 
years nothing was done to unfold thia principle, and yet the blank 
ignorance of that long period is perhaps less astonishing than the 
magical developments of the last century. Electricity haa been 
demonstrated as the cause of the grandest phenomena of the at- 
mosphere, and the most extensive changes in the earth. It haa 
giTeu to chemistry new and powerful resources of analysis and 
synthesis ; it haa added to its elements, multiplied its compounds, 
and revolntioaised its theory. It haa given to the physiologist a 
deeper insight into the forces of life,and to the physician a new 
method of combating disease. It copies pictures, moulds metals, 
separates ores, esplodes the blasting charge in the earth and sea, 
and, as if to crown its brief and splendid career with a new en- 
dowment of civilization, it haa literally broken down the barriers 
of space and time, and in the telegraph has conferred upon man 
an earthly omnipresence. 

167. It is now established that electricity is most intimately 
connected with heat, light, and the chemical and molecular forces. 
We can detect its presence, either as cause or effect, in almost 
every action and change around us; and because of this close and 
varied relation to the other powers, as well as its essential interest, 
it deserves the earaest attention of the aeientifio student. 

§ II, Magnetic Eleetridiy — Magnetism. 

168. The natural magnet is an iron ore which has the remark- 
able property of attracting to itself particles of iron or steel. If 
suspended, it takes a north and south direction, and from this 
pointing or foii<^int?propertyit is called the lead-atone, or hadstone. 
It derives its name magnet from the circumstance of its having 
been first discovered in the province of Magnesia in Asia Minor. 

159. ArtiflcialMagnets.— If a steel bar be rubbed by a natural 

WhiitiaeBiaofitapteeentlnipoi'laiicsI ISI. Why should it be OBrefnlly etndlea ) 
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magnet, it acquires magnetic properties, 

^, and becomes an ariyfeiai magnet. Ifpro- 

porlj ahapeJ and poised upon a pivot, 
rig. 47, it takes a northerly and southerly 
direction. The extremity which points 
northward is called the north pole of 
M,igQ{itio imctiiii, the magnet, and that which turns south- 

ward, the south pole, A magnetized steel needle properly sus- 
pended and attached to a card maiked with the cardinal points, 
constitutes the mariner 3 crmpasa 

160, If a second needle he brought near the first, it will 
be noticed that they exert a powerful influence over each other. 
Tha north pole of each attiacts the south pole of the other, 
while north pole repels north pole iid bo th pole repels sonth 
pole In short, hh poles re}d and t lil'' sttrctct each other. 
These influences are eseited thiough allkndaof matter; glass, 
wood, metals, or the human body 

161, Dialnbution of the force,— The magnetic force is mani- 

Fis. 48. fcsted chiefly at the poles, as may 

n by rolling a magnetic bar 
n fllicgs; they accumulate 
mostly at the estremities, the cen- 
Magnei In lion niin?8. tral point being neutral, Fig. 48, If 

a sheet of paper be laid upon the bar, and iron filings be dusted 
ir it, on gently tapping the 
paper, they gather thickly 
around the poles, extending 
w'^ away in curbed lines, called 
~~ maanttie curuea. Fig. 49. Thus 
the two magnetic forces are al- 
ways prodnced simultaneously ; 
igDe lo carves ^^^ e<in^ itt Bmount, but Op- 

posite in direction, and as these opposite powers are manifested 
m the poles of the magnet they are called polar forcts. 

162, Magnetic Induction. — The preceding exporiments show 
that the magnet has the power of raising up magnetism in ad- 
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joiaing bodies ; — in fact, eaoli of the little particles 
of uott Ijecomes a nnj,uet with a noith and 
south pole This may be pri7ed Ij ph m" 
several bara of =oft iron aroUDd the n'e <jf a 
mafenetio bai, Fig SO, whea they all become 
temporarily ma(,netio The permanent magnet 
tHdiices the influence in the adjacent bars, 
which are hence ^aid to be mignetized by 
%ndactio 1 A ke\ laay be supported by a mignat 
Fig 51, and this will hold a second smaller key, "''^' 
this, a n^il, and the nail i tact, the whole reeeiving 
its magnetism by induction from the bar, and each 
possessing its separate north and aoiith polarity. 

163, Polarity of partiolea.— Now the particles 
of the magnet are in the same condition as the 
magnet itself. If a magnet is broken, "as in Fig. 

Pre, sa. g3^ an3 tji^ pieces are 

is ~^ broken again and again, 

IS NllS^~MliS K| the sraalleBt particles still 

have opposite poles. Bat 
wn state in a piece of soft 
iron near it, so each particle induces a polar condi 
tion in the adjoining particle ; that in the nest ind 
thus the effect is propagated throughout the magnet ^^""^11^ omn . 
As each particle thus acquires poiai'ity, and aefs by mduction upon 
all the others, the opposite powers become accumulated at the 

opposite extremities of the bar. This is Frn f 

illustrated in Fig. 53, where the atoms |aCBCB(B(B(S3CBi 
are represented by circles, the shaded ^ pCg^CBCPCR'a al * 
sides representing sooth polarity, and Foinrity vs purtiuiea, 
the unshaded their north polarity. It may be observed that 
while steel retains its magnetism — that is, its particles remain 
Used in their polar relation, soft iron, ou the contrary, only 
remains a magnet while immediately acted upon; its particles 
forced into the polar state by induction, resnme tlieir neutral rela- 
tion when the coercing power is withdrawn, 

164. Tlie earth is avast magnet, varying in intensity at different 
timesandplaces, which produces variationsofiheneedle. Areinark- 



a magnet induces il 




Id tlieluleaBitj of the esith's megnellem 
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able oorrespondenee has been observed between certain of these fluo- 

tuationa and changes in the number and magnitude of the solar spots, 

fiQ. Si, 166. The horss-ahoe magnet. — Magnetic bara 

0~ are usually bent in the shape-of a horse-shoe, so 
that the poles are brought neai- together, as in Fig. 
54. They are then connected by a piece of iron 
called the armature, which adheres to the poles 
with a force depending upon the power of the 
magnet. In Fig. 55 we see the two poles of a 
horse-shoe magnet as if looking down upon them. 
HorM-shoe magnet. The spaoe included within the circle is called the 
magnetie field ; the continuous line joining the 
poles represents its axil, and the dotted line 
ts equator. All substances which, when freely 
I suspended between the poles of a magnet, ar- 
ige themselyes asially, are classed as mag- 
pie. They are but few, iron, nickel, cobalt, 
and oxygen being the most important. 

166. Diamagnetism. — Certain bodies, when 
suspended in the magnetic field, assume an equa- 
torial direction, as if repeOed by the 
■ .1 poles. The force thus manifested 

is so feeble that in esperimonting, 
the objects are screened from cur- 
■euta of ail- by a glass ease, Fig. 56, 
E which i represents a bar of his- 
I mnth suspended by fibres of nnspun 
silk between the two poles of a mag- 
net This property of bodies was 
lately disooyered by Faraday, and 
named by him diamaffnePism, while 
he terras common magnetism parO' 
magnetism Bismuth and antimony 
show it in the most marked degree, 
Qifested by wood, leather, water, &c. ; in fact, all 
ed as dianiagnetic. It waa 
e property, .but it now ap- 
ii another, by magnetism. 



Fia. 6G. 
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pears that all matter is affected, one way a 
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167. Osygen ia magaotio, but many other gases are diaiaag- 
netio. Taradaj proved this in. the following beautiful mauiier : 
A bent tube, Jig. 67, conveyed the gaa 
for experiment into the centre of the 
magnetic field. Three short glass tubes 
open at both ends n ere snipendcd n ith 
theb lovrer opanir gfl arrai ged i 
equatorial line with the m ddle tube ' 
just above the bent tube So long a 
there is nD mignetio action the gaa 
flows dircctJy up tl e middle tul e I ut Di iraigQeHam of gasos. 

the moment the magnet is brought into play, the diamagnetic gases 
were diverted into the side tubes. The course of the current was 
shown by placing a piece of paper moistened with ammonia in the 
lower tube, and other slips moistened with ohlorohydi'ic acid iu the 
npper ones, the white fumes showing the direction of the current. 
Gases heavier than air flow downward, ajid for testing these 
the arrangement was- reversed. A flame placed in the magnetic 
field is widened out equatonally. 

I III, FramMinio EleGtridby — Eleotro-Statics. 

168. The kind of electricity to bo now noticed ia called etatio 
eleofricitff, from its being in a state of stagnation or rest.* It ia also 
distinguished 8,i ^rani^Unic electricity from Dr. Fhanklis, who^as 
one of the most celebrated investigators of this branch of the science. 

165. Electrical excitation.— If a dry, warm glass tube be rub- 
bed with a silk handkerchief, several effects are produced by the 
friction. A feeble, crackling noise is heard ; there is a peculiar 
odor and a marked sensation when the tube is held near the hand 
or face, and if it be dark, faint, luminous flashes will appear to 
dart from the surfaoe of the glass. If the tube he now presented 

» The woffl sialics Is doriTed ftom a Greek ti 

in a Blagnant or TootlonleM condition, DynaTnica, onthe'contvsry, ia derited from 
B GroeS word signifying notmr, a-' •-'^-'— •'-- -' '- ' ■' 

ivaler, a]id slertrndgnamla of^i 



ulders the pro^rlles of falling or flowing 

HtDiT'sdIeGoverleBlnthiscaQneeUont How may nil bodies beolassed) 
1 ViBiVLt deforailne tho mngnetio relations of gasea! What wae the 
onie) lOE.WhatisBlotioeleoti'ielty? WhylBilfllHooalledFrankliniol 
re the eiftola of frtotloQ upon B dry, warm glaas tube ? What are eloo- 
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to any liglat substances, as bits of paper or feathers, tbey sire at- 
tracted to the glaaa, Bodies in which this quality has been aroused 
are said to be electrically excited, or electrified, and are termed 
electrics. They are numerous, including all resinous, gummy, and 
glassy substances, Jiair, sillt, dry gases, and air. 

170. Some bodies, as tlie metals, water, chai'coa], &c., allow elec- 
tricity to pass readily through them, and are hence called eoTidvctors. 
Other substances, such as glass, resins, woo], do not readily allow its 
passage, and are termed ndn-corukictors. As the latter tend to arrest 
or confine electricity, they are called insulators, Tet this simple' 
diyision of bodies into conductors and non-conductors is liardly true 
to nature, for there is really no substance which perfectly conducts, 
or perfectly obstruota electricity. Tliey differ only in degree. 

171. Electricity of the earth and air.— Our globe is a conduc- 
tor of electricity, and is termed the common reeimoii: If an ex- 
cited body is connected with the earth, by a conductor, the electri- 
city escapes into the ground. Air is a non-conductor ; and, per- 
vading all bodies, it acts as a universal insulator. All electrical 
manifestations aronnd ns depend npon this, for if air were a good 
conductor, no body could preserve its electricity. Yet moisture 
conducts, so that the air, when charged with dampness, carries off 
electricity quite rapidly. Tor snooessful experiments, therefore, 
the air should be dry. 

172. Ihe Meetrical machine cQosi&ts of a, gla&s cylinder or plate, 

Fia. 68. Jig. 58, pressed by rubbers, and turned 

by a crank, so as eonfeniently to pro- 
duce a large amount of friction. Brass 
balls and rods are nsed to collect and 
carry away the electricity. The Leyden 
I Jar is simply a glass jar covered inside 
and out with tinfoil as higli as the line 
shown in Fig. 59. A metallic ball con- 
nects with the interior coating, the 
outer being in communication with the 
earth. If tbe ball is brought near the 
coidnctor of an electrical machine, it 
a sBccession of sparks, and be- 
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comes charged. Then, on connecting the inner and onter coats by 
a condnotor, disobarge takes place, ^ith a brilliant spark and 
equilibrium is restored. The jar serves ti aooumnl te rio B9 
electricity, and a connooted series of such jars foims 
the Leaden Battery. 

173. TwofcicdB ofelectrioity. — If a 
of pith of elder be suspended hy a silken thrtad and 
brought near an oscited glass tube, it will be first at- I, 
tracted to it, and then repelled from it If another | 
suspended pith ball be brought near a stick of esoit- I 
ed sealing was, it will act in the same manner Both I 
balls are excited and both repelled. If the diflerently I 
escited balls are now brought near each other they Lejden 
are attracted together, whereas if both had been excited by the 
glass alone or by the wax alone, they would have repelled each 
other. There ai'S thus two kinds of electricity ; that from glass is 
called mtremis, and that from was reivnoiia. Each is self-repulsive, 
bnt bodies excited both ways attract each other ; or, as it is com- 
monly expressed, like electriiAtim repel, and v-nUke attract — the 
same principle that we have jnst seen in magnetism. 

174. Electroscope. — Thoproperty of self-repiilsi< 
totosttbepreseneeandintensity of eleotricol pg go 
excitement, A simple electroscope is t rmed 
bysuspendicg two pitb balls by linen threads 
as in Fig. 60. If touched by an es 
body, they are repelled. Fig. 61, ai 1 the 
degree of divergence is a rough meas re 
the force awakened. 

175. On the same principle, slips of gold 
leaf attached to a conducting rod in a glass 
Jar, Fig. 62, form a very delicate eleetrem p ifbal? p^h baiii 
eter. Such is tlie sensibility of the instiu- 

ment that a slight flap of a silk handkerchief on the plate at top 
renders the leaves divergent. Ve thus become aware bow trifling 
are the causes that disturb the electric equilibriuni of the objects 
around us. Not the smallest change in place or condition can 



mployed 
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occur without interfering with ttia mysteriona 
agencj, although the balance is so quiultly ad- 
justed that we are not aware of the disturb- 
ance 'In cutting a slice of meat, there may 
pass letwoen the steel knife anii silver fork 
enough electricity to move tLe needle of a tel- 
egraph.' (C.V.WAtKEH.) 

ne. Bleotrio Tension. — The electrical ei- 
citeiuent of a body may rise so high as to over- 
1 come the reaatanoe which conflues it and es- 
cape rending a passage through the air, when 
GoldleafelaotroaiHpe all oscitemont disappears. A body electrically 
eioited IB said to he c7i xTged ; the restoration of eciuilihriam is called 
discharge, and is seen m the electric spark and the flash of lightning. 
The degree of esoitemont or intensity of the charge is called eleo- 
trical tension, and may he compared to the pressure of steam, or 
the bending of a how or spring ; its discharge to their release. 

177 Th 9 alo^y t the sp a" may be car ed mn h fa ther 

^o ss It la a p n pie of nature tl at fo cea 

develop them elves n a d ublo or op 
te w y Ve see tl s n meol anios 
lie el at c tj of sp r 1 spr ng Fig 
"When unstret bed t man fests no 
e Nor can. t be st etched fron one 
I fll ne If hooked to the p n P ind 
thowogltW s attached t v, 11 seem 
to be stretd el by one end only But 
this 13 a m a ake for by subst ut 
ng the weght V for the pm P the 
st 1 n pon the sp ik' a tl e same as 
the a row nl tes tl eforces are double 
hBuaai s. ejn^l and oppos te 

178 Tl e sime pr n pi s ohse ved n elect c ty It is a 
double force manifestmg itself by actions and reactions which are 
equal and opposite. One kind of electricity cannot he produced 
unless it is accompanied by the other. Whenever vitreous elec- 
tricity is developed, a corresponding amount of rosinons electricity 




Give InsUnoea of Its e 
meant byeleotrio tens 
are (orcsB developed I 
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invariably accompanies it. It may not be at first perceptibla, but 
will be recognised upon careful esamination. Eieotricity is thus, 
like magnetism, apolar force. 

179. Eleotrioal hypothesis,— Electricity has generally been re- 
garded aa a subtile material fluid pervading all matter. Some hold 
that the two electricities are two fluids which are mutually at- 
tractive, tiiough. each ia aelf-repellant. rsiuKLiK simplified the 
matter by regarding electricity as analogous to heat, and, as all the 
effects of heat and cold were explained by tlie excess or deficiency 
of a single fluid, caloric, he proposed to explain electrical effects 
by variations in quantity of a single electric fluid. He maintained 
that bodies vitreouslj electrified have an excess of it above tbeir 
natural share, which escesshecalled the ^Mi(»Destate,while bodies 
resinously electrified are deficient in the fluid, or in a negativB 
condition. The positive electrical state ho distinguished by tho 
plus sign (+), and the negative bythe minus sign (—). When both 
are nscd together, they signify neutralization, or no excitement, 

180. The Frantlinic terms and syrabob ai-e stai used, but we 
must guai-d against their misguiding influence. Positive electri- 
city is no more positive, real, or powerful than negative, and the 
terms might be reversed so far as the character of the electricitieB 
is concerned. Wor is the idea of a fluid at all adequate to explain 
thefacfs. Prof. Mit.i.bb remarks: 'The Fig.m, 

supposition of an electric fluid is grad- 
ually being abandoned. The supposi- 
tion of a gravitative fluid might with 
nearly as much propriety bo insisted 
on to explain the phenomena of gravi- 
tation, or a cohesive fluid to account 
for those of cohesion.' 

131. Eleotrioallnductlon. — Electri- 
cal bodies, like magnetic, act at a dis- 
tance to disturb the equilibrium of 
neigiiboring bodies. If an excited glass 
rod be brought near an electroscope, 
though there be no contact, the leaves iniv. d oircLncitj 

will diverge, Fig. 64, and upon examination it will be found that the 
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cap la negitiTely electnfled aid the leave's positively The 
aiirjacli of the esoitel tuhe decompoaea theii natiral elec 
tnoity the negitne element being attiacted and tie positive 
repelkd Thia action ot an esoited body witho it d slJih ^e 
through a medium upon listaEt hodiei is known as hd i -al 
inductwn. 

1S2 Indnction la a kind of pre] iration for discharge "When 
ekctriuty la about to move, oi di3c>aige tn occur the whulo 
course through which it will pass ia, as it were, felt out lefore- 
Mnd ; at first and infallibly the line of least resistance is found 
and pursaed. If two conductors are before it, it takes the easiest 
t h 

83 r p t f g t f g Id I 

^ ally 1 d 1 p p 1 i d g tl th 

I 11 fbddgddt Ad 

y /> hgfldtpti thint id t 

jy fmPtoiTb pthl ea dptf 

D ] h bythhddtkTl 

«■ m k bl It y q f th 

* p pi f 1 t Th 1 g d b dy ind 

% tt t nit and th dis h lU 

™ t bdtemdthghtht gtm 

II te 1 wh hf mth tp t m t 

J^^ t d wh 1 p tth t gest tt t d 

^^ \\ of course, the least obstruction. 

I 184. Theory of Induetiout— As there are all de- 

IJP gvees of condnctioii and insulation, Dr. FABADiv 

p tb fthsdis- ^*>'^^ f^^' ^^^ must look upon conduction ahd in- 
ehai-ge. ducUon as only different degrees of the same mode 
of movement ; in all cases, it ia an effect commuiiJoated from atoma 
to atoms. If, when a body is electrified, its particles disohai^ in- 
stantaneously into each other, eoTiduction is the consequence. If 
the particlaa do not readily discharge, but hinder tlie course of the 
electricity, they are immediately forced into positions of con- 
straint ; they become polarked, and as each particle induces a 
state of polar tension in its neighbor, the effect is transferred to a 

regnrdedl What ia It thought to be ? !81. What is the effect of nn eicited glass 
tnbe bronglit near an eleotrOBcopal What is Induction eald to be t 183, Whan 
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distance. In Tig. 66, P represents a positively otarged j-^ gg_ 
body, and abed intermediate particles of air. Theao ^k 
are thrown into opposite statea or polarized, as is rep- BHB 
resented by the white aad blaolr sides of the spheres, ^"^ 
and thus the effect is propagated to the body 'S, which O © O <* 
is electrically excited. We have said that insulators S S O i 
arrest electricity, but on this -view thsy only stop move- e 9 Qlf 
ment by conduction; they transmit it by induction O O Od 
through the polarization of their pai'ticlaa. As the polar agyii 
particles are in active relations of force to those around, BR 
it is obvious the effects may he propagated in various pit. 
directions. Hence the polarization may occur in curved "i ituma- 
iinea, and induction take place round comers and behind obstacles. 
135. Sources of electricity. — These are vai'ioaa. Besides or- 
dinary friction, the rubbing of water particles against the aperturo 
when steam escapes is a powerful source of electricity. When- 
ever bodies are pressed together and separated, they exhibit traces 
of opposite electrical excitement. Many crystals are made elec- 
tric by mere compression ; Iceland spar pressed between the fingers 
becomes excited. If tourmaline be p,q. si_ 

slowly heated, it becomes power- 
fiilly esoited, as is represented in 
Fig. 67 (So. 1). When the heat is 
no longer added, the eacitement dis- 

appeal's, but, as it coola, the eleetri- 

cat conditions are reversed (So. 2). TonrimUine >i^t^£,od by io»i 
That the particles are polarized through the whole length is 
shown by the fact that if the crystal he broken, as the tempera- 
ture f^lls each piece is electrified (No. 8). Fracture, crushing, 
and combustion, all produce electricity. Carbon in burning is neg- 
ative, while the carbonic acid formed is positive. 

§ IT. Voltaie Electnctty — Electro-Dynaimics. 
186. We have now to consider electricity in a state of motion 
and active force. This important branch of the science was dis- 
covered about 1790, by Galvani, while working with some dis- 
sected froga, and in his honor is frequently called Oalvanism ; but 

this Tlow wtnt iB IiiBUlatlonl 1S6, What other Bnnreea of elecirioWy are men- 
tioned? What docs Eig, 67 repreBont) ise. "What ie elect[o.djrDianioB t "Wtio 
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its most illuBtrioBS culfivator was Volta, whose name is insepara- 
bly connected witli its foundation and progress, and from whom 
it ia also called Voltaic eleatHeity. Both thKse celebrated men 
were Italians. 

187. Sulzer^ experiment.— It was noticed by Si/lzeb, aboTit a 
hnndred years ago, that, if a silver coin be placed upon the tongue, 
and a piece of zinu beneath, a peculiar tingliDg sensation or taste 
will be perceived when the ends of the metals arc made to touch ; 
01-, if the silver be pressed between, the upper lip and the teeth, a 
flush of light will be observed when the metallic contact is made. 
This ia an effect of voltaic electricity. 

183. We have just stated that electrical disturbance may arise 
from simple contact of different substances. Volta. aupposed that 
these effects were due to the same cause. But it is now generally 
considered that when electricity arises by metallic contact, it is 
owing to chemical change. Voltaic electricity is produced when 
two unlike solids, usnaUy metals, are immersed in a liquid which 
dissolTcs only one of them. It is a general law that no chemical 
action occurs unaccompauied by electrical disturbance, although 
the quantity is often so minute as to escape detection, 

TaCi ' 189 TheVoItaicCirouiL— A strip of zinc 

and one t o) [ er are placed in a vessel 
' cont n g wite to which has been added 
1 ttle Bulfh 1 ac 1. If not pei-mitted to 
to ch e 1 oti e as in Tig. 68, there is no 
e&ect But nf b aght into contact, as seen 
m F g fi9 sevB al results ensue. The acid in 
the nriter £,ro vs weal er ; the zinc sti-ip is cor- 
roded wastes awij and hubbies of gas are 
een to escape f om the surface of the copper. 
It the metals are separated, the action ceases; 
and, if this is done in the dark, a minute 
spark will be seen. Electricity seems to flow 
round and round in the direction of the ar- 
rows, like on invisible stream. The com- 
bination through which it passes is termed a 
wltaie ciixuif, and the circulating force aji 
electric^ or electromolave current. If the plates 







itl Why IB it called vollaio eleotrlcity? 
1 188. WliDiiiavolMoelecSricityproauoed 
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be connected by means of a wire, which may he a few inches or 
many milea in length, a current passes through the whole distance. 
If a no a- conductor be sub stituted for the wire, the action instantly 
ceases. 

190. The source of the electricity is the decomposition of the 
water, its osygea oombiniog witli the zinc to foria oxide of zinc, 
while hydrogen gas is set free, Buttheoside of. zinc is insoluble, 
and would form an impei-vious coating upon the plate, and quickly 
stop the process. This is prevented bytiie sulphuric acid which 
unites with the oxide, forming sulphate of zinc, and thus the plate 
is kept clean and the action maintained till the metal is consumed, 
or the acid all neutralized. 

191. Amalgamation. — A slip of pure zinc introduced into the 
acid is hut slightly, if at all, acted upon. But commercial zinc is 
contaminated with lead and other metals, the effect being to create 
minute currents between them and the adjacent pardoles of zinc, 
thus corroding tlie plate and wasting the electric force. To pre- 
vent this, the dean zinc surface is rubbed over with a little mer- 
cury, which forms an amalgam with it, increasing the energy of 
the zinc, and enabling it to be kept in acid without coiTosion. 

192. Electrodes. — To the plates are usually soldered whes 
with terminals of platinum to withstand the action of con-osive 
liquids. The ends of these wires are known aa the polea of the 
circuit, from an idea that they eserted an attractive and repellaat 
action, Jike the poles of a magnet. But rAKADAT has proved that 
there is no attraction or repulsion in the case, and suggested the 
better term electrodes, which meanssimply a door or way for the 
electricity. ^ 

193. Positive and negative parts of tha cirouit. — The terms 
positive and negative liave a double appEoation to different parts 
of the circuit, which often confuses the student. The copper pole 
is positive (which may be easily remembered ,by associating the 
four p's of the three words), and the zinc pole negative. But 
these terms are reversed when applied to the plates — zinc being 
now positive and copper negative. Whatever be the metals used, 

aotimt 189. DcBCribe the voltaic Eircultl Its effects? 190. Whit la tiisaomiw 
of Ibe electricity T What is the office of tto snlpliuric acid! 191. What difflcQlty 

irtermi 19S. Howaretlio tormepoBitive 
poBltlve elootriclly original, and wint iB 
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the po^tiTB plate, or the one chemieally acted upon, originates 
positive electricity, which passes over to the negatively affected 
plate, and is hy that delivered at the positive electrode. 

194. Poiaiitias of the cirouit. — The electric current originates 
in chemical changes, and reqJlres a compound liquid eapahle of de- 
composition by one of the metals. To hring the chemical force 
into play, the voltaic circuit must he arranged so as to form a 
continuous chain of polarities. The theory of the action may he 
illustrated hy representing the atoms of the liquid to the eye. A 
j.,a 10 plate of zinc with one end in ohlo- 

rohydric acid assumes a state of 
electrical tension, and induces the 
same state in the atoms of hydrogen 
and chlorine which compose the 
acid, Fig. TO. The positive zinc at- 
tathe adjacent atom of negative 
chlorine, hut cot with sufflcient 
force to tike it from the positive hydrogen Nor is the m'itter 
helped ly oompletmgthe crcu t w th another zmc jiate as ihown 
in tie figure At two p nt'i ibove and belcw like eleotnoities 
rej U i,aoh other tl e tens ona a e balanced ind theie is no 

195 But it now the second zn plate Is rerlioed by one 
of cojier tie conltons are altogethei changed tie polar 
itn,s are nnlocted tl e li in d is decomj 'ted and there is an 
active c 1 it as ill at ated m F g 71 The copper imparts an 
addit onal amount of jositive electricity to the 7inc the tea 
wl ich 1= th IS 1 eightoned and reco ves a poition of no 
A pcwerful polar mfluence is thus 
commmiieated to the hqml The 
inore'ised attract n of the ^n o 
SB t to deco npose the adjoin- 
n{, atcm of cd combining witli 
tl e ne^at ve cl lor ne ; while the 
iton f hydrogen powerfully po- 
lar z d by ndu t n acta in the 
same way de nmpo ng the nest 
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atom of aoid; nniting with its chlorine, and forming a new com- 
pound atom. This is repeated through the series, and the' Jast 
atom of hydrogen, having its positive electricity neutralized by 
the BtrongJy negative copper, la set free. 

196. Currents.— Here again we are in danger of being misled by 
terms which involve material views of force. The word 'current' 
ia to be used in a sense entirely figurative, Iii dealing with snb- 
tile, invisible forces, it is easiest to view them through the medium 
of analogy and apply terms borrowed from sensible objects. The 
effects of electricity resemble those of a stream, and from ap- 
propriating the terms we gradually acquire the idea of an unseen 
but real fluid flowing in currents through substanoeSj or from one 
to another. But all we know in the matter is progressive effects, 
and all we are entitled to assume is the progress of force. The 
movement of electricity is more analogous to that of sound, where 
pure impulse and not matter is borne forward, (3ia) Ifthe ivory 
ball at one estremity of a closely sus- Fia. 12. 

pended series, !Fig. ^2, be rinsed and 
let fall, the one at the other end will 
be struck off, the intervening b. 
maining in their places, yet trai 
mittiug the impulse ; there ia only a Eloetio balia 

progress of force. While the term current in electrioity is con- 
venient and perhaps indispensable, we mean by it the same as if 
we should speak of a current of sound, or, ia the case of the bail, 
a current of motion, 

197. Two Opposite Currents. — We have seen that elec- 
tricity, like magnetism, is a polar force, disjdaying itself 
in a twofidii way. When produced in the voltaic circuit, it 
separates into two equal and opposite powers — two currents 
which, when they meet, instead of doubling, neutralize each 
other. The electricity thus produced has been likened to a 
double-headed arrow rapidly elongating itself in opposite direc- 
tions. At first they move from each other, but turning through 
equal semicircles, they meet, each arrow-head destroying the other. 

the lilaotTwara, and esplaln tliem. 198, In what daiiger are wb from ualng the 
wordcurranlf What do TOe really know in tho matler! Tu ivhat ia Iho movn- 

have wo Been Bleottloily to be llSe raagnetiBm 1 To what are the Bioremenla of tha 
cnrrent Ukencd ? What la meant when the direction of tha current f s epoten of? 
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The two opposite elei^tricities oi polirities orni 
stantly meet and neutral ze ea li other and aie 
conitautly rentwed. To avdfl lonfuiion whea 
ths direct on of the cirrent is spoken of the 
p st e aJoae la indioited In Fig Y3 the 
da k arrows show tlie dire<,tioii of the positive 
u eat the dotted irrows thit of tha negi 



198 The Voltaic Pile.— The power of the 
circuit ma 1 e no eas d hy repeating its elements. The pile dis- 
covered by 'V oi.TA and named after him was the first contrivance 
for aflgmenting the force of the electric current It is made by 
preparing small piatea or discs of metal usually copper and zinc, 
and placing between them pieces of flannel moistened with an 
acid or saline solution. Such a pile is represented m Fig. 74. The 
Fio. 74. cloth is placed between the metals and the order 
is preserved. Commenemg at the bottom 
there is copper (c), flannel (f), zinc (z), and upon that 
, ooppei, flannel, zmc, lud so on to fifty or a hundred 
as may be desued, 74 The lower or copper 
s positive, and the other negative ; a curi'ent 
. theretore movei ill the direction of the arrows. 
This form of in'itrument gives a strong effect at first, 
hut rapidly dodmes in powci 

199. The Galvanic Battery. — To augment the 
' electrical effect, and at the same time secure steadi- 
ness of action and convenience of management, the 



compound 



forms known as voUaia 
of cups or cells, containing an 
acidrilated liquid, are arranged, in 
each of which there b a plate of 
copper and another of zmo; the 
copper piate of one cup being con- 
nected by a copper wire with the 
zinc plate of the preceding cup. 
Fig. 75. 
200. Smee's Battery. — We have ah-eady noticed the tendency 
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of gases to condense upon solid sulistances. In the battery a film 
of hydrogen forma in this waj upon the smooth copper and pla- 
tinum, which is a serious hindrance to the action. If, however, 
the anrface he roughened, it passes off with ease, Smjce removed 
thia difficulty by using a silver negative plate, and 
coating it with platinum hlaoli. To toim 
cell, two plates of amalgamated zinc ire damped 
against a piece of wood with a silver plate betsv een i 
them, Fig. TG. They are then suspended in a 
vesaei, the piece of wood resting upon the top 
liquid nsed is sulphuric acid diluted with ten o; 
times its weight of water. A binding screw attached | 
to the silver plate connects tbe positiv 
other from the zinc plate the negativ 
these cells properly joined, or a senes of connected 
plates immersed in a suitable trough, constitutes Smeb's iniiery 

201. Daniell's Battery.— Prof. Damell 
made an important improvement in tbe batr- 
tery by using two different fluids separated by 
a porous partition. Fig. 'J7 exhibits a section 
of Daniell's cell ; a is an outer cylinder of 
copper filled with i, an acid solution ot blue ; 
vitriol, which is kept saturated by crystils 
resting upon the perforated shelf/; c is a tube 
of porous ware, or unoiled leather, filled with 
d, 1 part of su]pliurio acid to 7 water, and into 
this is plunged a rod of amalgamated zinc e 
To the copper and zinc are attached binding 
screws for wire connections. 

202. Tbe blue vitriol consists of sulphni 
copper. When the action commences a double set of changes 
takes place in the liquid. Oxide of eino is foimed in the inner 
:sael, and the polarizing action taking place tbiough the porous 
.. etted body c, the sulphate of copper is decomposed m the outei 
vessel. The sulphuric acid set free is giadually transferred to the 
inner vessel, while the hydrogen, instead of being set free, com 
bines with the oxygen of the oxide of copper, precipitating metal 

How iaasinglo cell conatmctodf Wittt liquid la uaodi How ure Ihe wircBnU 
taohcd) Ml, In what aid Prof. Dbniell's improvement conalst? Dcaoi-iHa Lla 
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lie copper upon the surface of the ontor cylinder. This was tio first 
constant battery, and ia eapahle of maintaining a uniform strength 
for many hours. 

203. Grove's Battery is also an arrangement for two fluids, 
_ „ like Dabiell's, its metals being amalganiated ziao 

^ and platinam, and its liquids nitric and sniphurio 
acida Kg. 78 is a vertical section ; a is a jar of 
eoittenware, c the outer liquid of dilute sulphnrio 
acid , 6 is a cyl'nd f w. lj,amated zinc con- 
nected with the n at el t le, ajid having a 
gii slit on one side t all w h f e passage of the 
liqnid. It is th f xp d n both, sides to 
the outer liquid t d 1 t Iphuric acid ; d is a 
I"' cap of nnglazed aith nw filled with strong 
mtno acid e; f a thm Ij fjlatinnm suspend- 
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■9 vapors is 
I feature of 
this combination. Figure 
} represents a series of 
cells m woridng connec- 
tion Geote's battery pro- 
duces very powerful and 
brilliant effects, and ia mnoh used in telegraphy. It is leas con- 
stant than Dabibll's, bnt according to Prof. Jacobi, when the pla- 
tinum and copper surfaces are equal, that of Ghoyk is 17 times 
more powerful. 

205. Bunaen's Carbon Battery is similar to Gboyb's, but re- 
places the eiponsiye platinum by cheap carbon, cylinders made by 



Bflld of It ! 205. V 



Sjpl^ill 



d^vGoogle 



TOLTAir EI Kt-TBicirr. 91 

pnlyerfzing gaa-carbon (636), mixing it witli flour, and bakmg it 
into hard pieces. Dr. Caclan b Maynooth hatltry consists of a 
water-tight cast-iron cell, containinB a porous cell in whiLii is a 
plate of aniolgamated zinc Mixtures of strong sulpkaiic and 
nitric acids are used, and the effeLta aie claimed to be more m- 
tenseeven than those of Gaovs s battery SnHDUBCiMS I UUi i/ m- 
eembles the one just described, estept that the outei cell is f oimed of 
jiamee iron, which makes an ezcellent combination, with zino (TfJ^). 
206. Resistance to the current. — As in machinery all the force 
applied is not avtulable for work, some of it being absorbed by irio- 
tion, so all the electrical force generated in the battery cannot be 
made apailoble for effect, a portion of it being destroyed by resist- 
ance of the materials of the circnit itself. The conductora are to a 
certain extent also obstrnctora. The resistance is, first, that of the 
1' 'd f th b tt h' h d ds 't d t'n quality 



in intensity. Of course there can be no electricity that does not 
possess to a certain degree both qualities, but one or the other is 
always in great excess. 

208. In the batteiy the 
quantity of electricity depends 
npon the siae of the plates ; 
the intensity upon the numher 
■of them. If we increase the 
size of a pair of zinc and cop- 
per plates, we increase the 
quantity of the electricity 
they produce, bwt not its in- 
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tensity , wMe if -we reduce the size, we reduce the quantity, the 
mtensitj remiining tlie same On the contrary if we multiply the 
nvmher of pairs of equal size, the intensity is augmented at an 
eqnal rate while the quantity is nnohanged. The electricity de- 
TLloped hy a single pin 13 exceedingly feeble, the second cell 
adds no more to it bat intensiflus its power In Fig. 80 the 
arrow 3 illustrate the accumulating intensity 

209 Pnctional and current eleottlclty — It has been demon- 
strated that frietional and current electricity are one ; all the effects 
of the former being produced bj the latter. But these modes of 
action are marvellously different. We may view a spark as a 
frMtion. of a current ; and a rapid succession of sparks as an imper- 
fect approach toward a current. But tbe duration of a spark is infin- 
itely small compared with the time necessary to accumulate the elec- 
tricity which produces it. A sis-inch electric spark is estimated to 
pass in tbe three thousand millionth part of a second (Waixee), 
but no frietional machine can supply a beginning to three thonsand 
million euch sparks in a second. 'The machine of tbe London 
Polytechnic Institute, with an 87-inob plate driven by steam at 80 
revolutions per minute, and a friction, of SO square feet of glass 
per second, gave the six-inch sparks no faster than they could ho 
counted. The quantity is thus small, and the intensity high. But 
in the voltaic circuit, cbargo is as instantaneous as discharge ; the 
stream ia unbroken ; the quantity is enormous, hut the intensity 

2X0. A fEa'ah of Ifehtning in a drop of water, — Dr. Faeadat 
demonstrated that the electric current which is required to decom- 
pose a single grain of water is also sufficient tfl keep a platinum 
wire tbe j-^th part of an inch in diameter red hot for 3| minutes. 
But to produce the same efiect for the same time by frictiona! 
electricity would require 6,600,000 discharges from a Leyden jar 8 
inches high and 'Tj inches in diameter. It would, therefore, require 
this amount of static electricity to decompose a single grain of 
water. Br. Faeadat farther showed that this would suffice to 
charge an insulated conducting pane, sneb as a thunder- cloud. 
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thirty-fiye acres in area, the inatantaneous disoharge of whioli 
would constitnte a powerful flash of lightning. 

211. Voltaic electricity will travel through, a conductor 
thousands of mUefl rather than penetrate a harrier of aii a amili 
fi'action of an inch in thickness, while static electricity will leap 
througli miles of intervening atmosphere. For SQstamed effects 
as in chemical decompositions and telegraphy, where vast qiim ttUt^ 
of electricity are required, the hattery is employed, its current 
heing raised to the requisite tension by multiplying the cells. 

§ T. Effects of Voltaic Eleol/ricity. 

212. Decomposition of water. If the ends of the platinum 
wires connected with a battery are placed near each other in a 
vessel of water containing a little sulphuric acid to r a ■'i 

aid conduction, bubhlea of gas will be seen to use 

from the terminals and escape at the surface, i 

couple of glass tubes filled with water, and invert 

ed in the vessel over the poles, serve to collect tV e 

rising gases, Tig. 81, which upon examination proi e 

to be pure hydrogen and pure osygen, the bulk ol 

the former being twice that of the latter. The 

water becomes part of the circuit, and is daoom 

posed hy a polarization of the line of compound 

particles betypeen the electrodes in the same manner 

as occurs in the battery itself (3 95) ; only in. this ease, 

as the osygen does not combine with the platinum, water. 

it is set iree like the hydrogen. 

213. Eleotrolyais. — This operation is termed electrolysis {ana- 
lyzing hy electricity), and any suhstance that is capable of this de- 
composition is called an electrolyte. Solids are not electrolytes. 
Liquids, and certain liquids only can be eloctrolyzed. A good 
electrolyte should be & good conductor, and yield upon separation 
a conductor and a non-conductor. The binary compounds are 
resolved into their elements hy the current, and the salts into 
acids and bases. Sulphate of soda yields sulphuric aoid at the -j- 
pole, where it may be made to redden vegetable blue, whOe soda 

211. How Ho lliey differ In power to penetrate the nii- ( Fnr wbat I9 tho battery 
useiH 21a How ia tho acoompoaltion of water effected bj the ourrcnt* Explain 
Fig.81, 213, WhatiBeleetrolyBlsl What bodiea are good electrolytes* Ejam- 
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appears at the — polo, aad will there turn vegetable blues to red. 
By roveraing the direolJbn of the current, theas beautiful effects 
are also reversed. 

214. When compounds are electrolyzed their elements are 
found in opposite eleotrioal states. Some, as oxygen, ctloriuo, sul- 
phur, appear at the positiTO electrode, and are called electro-nega- 
tive bodies; while others, as hydrogen and the metals, appear at 
the negative electrode, and are called electro-positive. Of the 64 
elements, 34 are usually ranked as electro-negative, and 40 as 
electro-positive. Osygen heads the first list, or is the most power- 
flil electro-negative body, while the newly discovered csesium 
heads the other, being the strongest electro-positive anbstanoe. 
The elements may be arranged jn such an order that each will be 
electro-negative to all which follow it, and electro-positive to all 
which precede it. 

21 5. As the electric current thus originates in chemical changes 
and produces them, and as the atoms seem to be in opposite elec- 
trical states, it is obvious that electrical force is veiy closely allied 
to chemical power. The electro-chemical theory teaches that they 
are identical ; that electrical attraction oausea chemical combina- 
tion and that every chemical decomposition is due to the play of 
eleotiieal forces. 

Fio bi ^^^' ^^^''*'^*yps 's tlis name given to the pro- 

s of depositing metals from their solutions by 
electricity. The deposited metal assumes with ex- 
1 aetness the form of an_y body npon which it is made 
I to settle, so that when removed it forms a perfect 
mterpart of the object, copying and reversing all 
markings and irregularities. To copy a medal it 
I is first made perfectly clean, and the back and edges 
I protected by a coating of varnish or wax. The 
I battery used may be of varjoas forms ; Danibll's 
S cell, Pig. 83, answers the pnrpose. Into a glass 
ElectEobypimt tttmblcr, 8, is introduced a lamp chimney, A P, with 
a piece of bladder tied over the lower end. This ia 
filled with dilute acid, while the tumbler contains a strong solu- 
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Won of Bulphate of copper. The medals m m aie immorsed in the 
sulphate of copper, and connected by wires to the /me nd Z. 
Thna arranged, the sulphate of copper is gradu>illy decomposed, 
and the metal evenly deposited. The copper ccatiog la theu de- 
tached, and forms a perfect reverse or mould of the object. The 
whole process is then repeated with the mould, producing an 
exact copy of the original medal. 

217. In electro-gilding and eUelro-plating the object is to 
impart a new and permanent metallic surface. In this way num- 
berless articles placed in solutions of silver and gold are coated 
with these metals, from the thinnest gilt to tlie thickest plating. 

21!1. Heating efiects of the cturent — A cur- 
rent passing through a conductor raises its tem- 
perature in proportion to the electricity arrest- 
ed. This depends first upon the quantity in 
motion, and second upoa the resistance offered 
by the conductor. A wire which is but little 
heated by a current, if considerably reduced in . 
diameter, becomes instantly white hot. The 5^ 
arrested electricity appears as heat. Two char- 
coal points brought into contact in the circuit, 
and then slightly separated, emit a Ught of daz- 
zling splendor, Fig. 83. 

219. The electric light, — The brilliancy aud 
purity of the electric light from charcoal points 
and the absence of contatniaating products maie it highly desira- 
ble as a source of illumination. But there is a mechanical difficulty 
in the way of its use. Particles of carbon are constantly transfer- 
red irom the positive to the negative poles ; one is shortened and 
the other lengthened, and that unequally, so that it is trouble- 
some to mwntain them at the precise distance. 

220. BlaBUng. — By passing a flue platinum wire through & 
charge of gunpowder, it ia instantaneonaly exploded by the cur- 
rent. The same wire may pass through aereral charges and ignite 
them simultaneously. In escavating for an English railway, nine 
tons of gunpowder were buried in three masses in the Dover Cliffs, 

Ite electrotype? Describe tlio procBSB. 217, "Whnt is tlio oTiJoet In electro- 
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from 50 to ^0 feet from the surfaoe, and ignited by a distant bat- 
tery. Ths esplosion detached 600,000 tons of the ohalij cliffs. 
Powder ia fired in the same way for blasting rocks under water. 



the needle, it will n 



§ VI. Eleci/ro-Magnetism. 

221. In 1820, Prof, Osbstec, of Copenhagen, digcovored that 
if a magnetic needle be brought near a wire along which an olec- 
trio current ia paaeing, the needle will be influenced and caused to 
move. The degree of the motion will depend npon the atrength 
of the cuiTent, and its direction npon the relative position of the 
needle and wire. If tie wire be above and parallel to tie needle, 
thepole next thenegative electrode willmoTe westward; if beneath 

e eaatward. If the wire ia on the east side, 
this pole will be elevated ; if on the west, 
it will be depressed. In all ca^eait tends 
[ to place itself at right angles, or trans- 
se, to the wire. If the wire be bent, 
so as to pass above and below the needle, 
Fig. 84, the efleot ia increased; and if it 
be coiled round many times in the same 
i more powerful. The motion of a needle 
thus freely anspended becomes the visible teat of an electric 
current. 

222. The Astatic Needle. — Bnt a needle keeps its place in the 
magnetic meridian with conalderable force, so that a very faint 
current wiU not move it. Tf two needles, however, are placed 
parallel, near each other, with reversed poles, their directive force 
is mntually neutralized. Two needles thus flsed npon an asis, 

Fig. 85, form the astatic (unafable) needle. If 
is slightly ati^onger than the other, it still 
retains a feeble tendency to keep its north and 
south position. If now the wire of Fig. 85 
3 folded round both these needles, the 
i current wonld urge them in opposite 
I directions, and there would he no motion ; but 
when the coil incloses only one of the needles, 
13 the lower for example, the current impels 
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both needles in the same direction. If the needles bo delicately 
Bitspended, it affords the means of detecting the faintest electrical 
current and forma the gahanomeUr. 

223. Eleotro-Magneta.— If a bar of ^ 
ateel be placed in a coil of wire, as in Fig ; 
86, and a current be sent through the coil 
the bar becoraea at once permaneutly 
magnelio. If a bar of aoft iron be intro ^3°" 
duoed, it becomea magnetic, hut only contmui-s so . 
current ia maintained. A horse-ahoe bar ot atf' iroi 
twisted spirally round it, as in Fig. 87, becomes a 
powerful magnet, capable of supporting a I eavy 
weight, while, the current ia paaaing, 

224. The Current a Magnet. — Electric currents 
attract and repel each other like magnets "When 
two wires are freely suspended near each other it 
cnrronta pass through them in the same dncction 
they attract each other ; if in opposite direction') ■< 
they repel each other. If a copper wiie he coiled 
into a spiral, Eig. 88, and the extremity, (, hooks into 
a cup of mercury, while the other end dips into a second cup t 
ooil will he free to move in any horizontal direction. If now 
current be transmitted through the 

coil, it arranges itself nort?i. and south, 
just like the needle, and it will be at- 
tracted and repelled by another simi- 
lar coil in the same manner as two 
magnets. Hence Amp^ek assumes that 
magnetic polarity is caused by electric 
inHneiico.perpetuallycireulatinground 
the partiolea of which the magnet ia 
composed. Polaiily of the Current. 

225. Induced Ounrents,— If two conductors are placed near and 
parallel to each other, a current sent through one induces an op- 
posite current in the second. At the moment the circuit ia form- 
ed and the primary current passes, a secondary current is produced 
in the opposite direction in the second wire. 
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226. Eleotio-magnstio Telegraph. — TL 3 r ua kable oontri- 
vanoe consists of three parts : a battery t PI 1 g tte motiTe 
power, an. insulated metallic line betwe n tli \ ct t be con- 
nected, and an apparatus for signaJliag o gi te g messages. 
Two wires were at first thought necessary t mpl te the circuit, 
hut it was early found that the earth m ht he made to replace 
one wire if the other was connected w th the g md at both 
ends. The electrical impulse which traverses the wire circulates 
round a bar of soft iron, magnetizing and demagnetizing it as often 
as the connection with the battery is made and broken, and thus 
motion is communicated to the recording machine. 

227. "We must not forget that there is nothing like a current 
through the telegraph wires. "We may he aided to understand 
■what takes place by imagining a small tube, eoniieoting two places, 
closely filled with a row of peas. As a pea is pushed in at one 
end, another falls out at the opposite end, although it is evident 
that nothing but motion has passed. But motion may pass 
although each pea keeps its position, if we suppose them all 
linked together by attractions upon their different sides. If the first 

pea were turned 'upon it$ centre, it would turn in 
like manner the whole series. The peas may 
represent the atoms of the telegraphic circuit, and 
their motions the polarization of pai tides by 
■which the efi'eot is communicated. The wire of 
the oironit communicates its polarity to the bar 
' of soft iron around which it is wound ; this be- 
comes magnetically polarized, and attracts the 
maiking le\er of the recording machine. 




gVII. Thermo- 



228. The Thermoelectric PUe. — As electricity 
produces heat, so heat in turn produces electricity. 



i-aieotris A B, Fig. 89, is a bar of antimony, and B a bar 

^ '■ of bismuth soldered together at one extremity, 

and connected by the wire J> at the other. "When the place of 

junction is warmed an eleotnc current is produced, which moves 
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in the direction of the arrows It the junotioa B is oliilled, the 

c irrent moyes m. the opposite d reotion. Such a combination 

forme a thermo ehctrtc ^au The efteit 

thee are muted foimng what 13 

1 nown as the tlitmno dectno pile 

To secure a compact arrangement 

they are soldered together aa in Fig 

00, and then comhmed a*" m Fig 91, 

A representing one of the faces of 

the pile. When both faces are 

equally heated, there is no current. 

If the face, A, ia warmed, there ia a 

cm-rent in one direction due to the a 

difference of temperatures between 

the two faces. If the opposite face 

is warmed ; or, what h the same 

thing, if the face. A, 13 cooled, there 

is a reverse current. 

229> In Fig, 92, A B represents the theimo-eleLtne pile u 





mounted for lecture-room use. A shows one of the facei w 
are wires connecting it with the galvanometer The needle e 
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ia suspended by a fibre 8 8 of unspun silk, and protected from 
cunents of an by the glass shjde & To one end of the 
needle is tixed a piece of red paper, and to the other a piece of 
blue If the tace of the pile is meKly breathed upon, the wai-mth 
swiDgB the needle round to 00°, or at right angles to the cur- 
rent,— the pieces of paper malimg the movement visible through- 
out the room. This important instrument was invented by Nobili, 
and applied with remarlrable success to resoaruhes in heat byMEL- 
loxi It detects heat radiation from sources much lower than the 
humin body and announces the hcdt emitted fwrn the bodies 
of insects How wonderful, that the mmulest quantity of heat 
we can detect, onlv appeai-s after it has been first converted into 
eleotr city then into magnetism, and then into mechanical motionl 
230 As the earth oonitintly tnrns upon its axis, the sun heats 
its mineral constituents unequally, which must give rise to east and 
west electrical currents, and, as the magnet tends to place itself 
across them, we see the reason for the direction of the needle. The 
earth's magnetism appears thus caused by the action of the sun. 
231. M^neto-Electrlcity.— As electricity pro- 
duces magnetism, so magnetism may prodnce elec- 
tiicity. If a bar of soft ii-on be introduced into a 
I coil of wire, and a magnet be made to approach 
the bar, it ia magnetized by induction, and at the 
same time a momentaiy cuiTent ia produced in 
tl e surrounding wire. This is more aimply shown 
by winding the armature of a horse-shoe magnet. 
Fig G3, with a piece of copper wire, one end of 
whn,h is flattened and Ihe other sharpened. When- 
evei the armature ia removed or replaced, a spark 
IS pioduced at 0, indicating a current throngh 
Sparl. fr)m Mflg the who. 

' ' 232. Indnolion Coils. — If one or two hundred 

feet of stout copper wire are wound into a close coil, and then 
tw enty or thirty th Dusand feet of much finer wire (both well cov- 
ered with aili) bo wound into a secondary coil around the first, a 
current aent thiough the inner wire and rapidly interrupted, in- 
duces very powerful currents in the outer coil, which give rise to 

DBC WlQt ia pad Qf itf 250. How ia (be rtlrection of tha npedla eiplainEdl 
To what Ifl the oattt a magnatlem duo? 231. How may eloetriclty iB pro- 
ducel lij- mttanotism I 232. WliQt Is the prindplo of Eohmkorff'b cail? What 
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a stream of brilliant sparks. This is tbe principle of Euhmkoeff's 
eoil, one of the most euergetic electrical machines yet devised, pro- 
ducing electricity in large quantity and of extraordinary intensity. 
233. Tlie Stratified Disohai^.— If electricity be sent tlirough 
an. ordinary vacuum, the spark is changed to a diffused auroral 
glow. But when the vaouum beeomes more perfect, the light 
appears strained, or broken up into numerous rings or plates. 
Oassiot sealed platinum wire in glass tubes, and, by using an at- 
mosphere of oai-bonio aoid which was first exhausted by the air 
pnmp, and the residue gradually absorbed by caustic potash, he 
produced a very perfect vacuum. When the rarefaction is carried 
a step further than can be done _ 

with the air pump, on dischai'ging 
a Euhmkorff coil through it, i 
row bands transverse to the lini 
discharge ore seen, as in Pig. 94. 
Increasing rarefaction widens the 
hands, and gives them a conical 






the 



series of luminous cylinders of an 
inch or more in deptii appear, di- 
vided by narrow dark lines, Fig. 
fi6, tai at last, when the vacuum 
becomes perfect, discharge light 
and conduotioa cease. It seems 
stead of being a ^od conductor, 
perfect non-con duotor, and that the presence of 
pcnsable to the manifestation of electrical force. 




Btnitifled DlschBTge. 



proved that a vaouum, 
formerly supposed, i 



§ YIII. Animal Electricity. 

234. It was known to the ancients that certain fishes have a 
peculiar power of benumbing animals. It has been found that 
they possess electrical organs or batteries by which they can givo 
powerful shocks, which produce all the effects of ordinary elec- 
tricity. Pig. 97 represents the torpedo with its electrical organs. 
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a a, laid bare. They are eitnated on each side of the head, and are 
compoaed of five or six Bided prisma, es- 
^'"^'^ tending vertically fiom the lower to the 

upper aide of the fish. They are divided 
n horizontal partitions, so that the whole 
I resembles a mass of hoDeycomb, the cells 
I being filled with a dense flmd coDsisting 
of water, albumen, and a small portion of 
common salt. These organs form a Uving 
iatteri/ and are tho source of electrical 
fori^e just as thi. musoleH Ore of mechan- 
ical force A dense mi'is of nerves links 
ana of the them with the hr n wh ch has control of 
tbi- d litharges the same as . of muscnlar 
The seat of control is the electrical lobe ; if this be 
tmhyured the animal may be simned its 1 e u-t cut out, and the 
other poitions of the Iram ext rp ttod, without loss 
of thefacilty 

236. Oalvanl'B well-known experiment with 

tho frog was the atarting-point of modern research 

in this branch of electricity. The legs of the frog 

are detached from the body, the skin removed, and 

the lumbar nerves exposed. They are then, laid 

upon a glass plate with a small piece of zinc Z, Tig. 

'■ 69, placed under the nerve, while the feet rest on a 

o", Optio SSo. thin slip of silver. They are dead and powerless, 

& Bfect LoS' ^"'^ ^^ *°^ " ^""^i ^' ^^ made to touch the pieces 

of metal, so as to form a connection between muscle 

and nerve, the legs instantly contract and kick away the silver. 

236. Human Electricity. — As it is now admitted that no 

chemical change can occnr with- 

. ±10,93. ^ ^^|. Qigpji^pgi exeitement, and as 

\ the human body is a inaas of rap- 

^ idly changing chemical materialg, 

it must be a theatre of extensive 

eleetneal movements, though to 
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demonstrate this lias been one of the moat delicate and difficult prob- 
lems of aoienco. The blood is an alkaline liquid, while the juice 
of flesh is acid, and the two liquids are only sepaJ'ated by the thin 
walls of the vessels. By the action of these fluids there must be in 
every mass of muiscle myriads of elccti'ic cun'ents. Mattbuooi has 
proved that currents of electricity are always circulating in the 
frames of all animals, and that a positive current is continually 
passing from the interior to the esterior of a muscle. The amalleafc 
shreds of muscular tissae have been proved by Diraois-EBYMOHQ 
to manifest currents, the longi- 
tudmal section, being always 
positive to the transverse s 
tion. By arranging a series 
half tliighs of frogs, alternately 
connecting the esterior and in- 
terior surfaces, Fig. 100, he ob- 
tained a current that decomposed iodide of potassium, deflected a 
magnetic needle 90°, and caused the gold leaves of ai 
to diverge. 



CHAPTER IV. 



§ I, Themud Enpa/nsitm — Thermometers. 

237. Thi3 well-known force has an almost omnipotent con- 
trol over the states of matter ; it is an all-detenniuing agency in 
nature, and is so essentitd to the numerous processes of the labor- 
atoi-y that the chemist has been called the ' Philosopher by Fire.' 
The general science of heat is termed ThermoUes, from the Latin 
thermo, heat, which gives us also the words Ikermal, thermometer, &(i. 

238. Expansion of Solids.— The generd effect of heat upon 
matter is to expand it. The copper ball, Fig. 9, p. SB, when heated, 
enlarges and rests upon the ring ; when cooled, it shrinks and falb 

2SJ, What liaa the chemist baen'callea, and why T WhEitistliermotiEB.iina-wlienEO 
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through it. The oopper, and all bodies of uniform atomic condi- 
tion, expand eqnally in aU. direetioDS, while other sub stances, as 
crystals and wood, in which the atoms ai'e diflerentlj arranged in 
different directions, expand unequally (267). With a given amount 
of ]ieat force, tiie same Buhstance always 
expands to the same degree ; hut the 
; quantity of heat causes different 
suhatanoes to expand nneqnally. This 
may be shown by riveting together thin 
shps of different metals, for instance 
^.i,„„...„,. „^ e„^..^ „„. . jjj.^gg ^^^ jj.pjj^ jjjj,^ ^ straight bar, Fig. 

101. When dipped into hot water it is warmed, and the brass, 
expanding most, becomes longest ; the bar curves, the brass form- 
ing the convex side. If placed in ice water, the brass contracts 
most, and the bar curves in the opposite direction. Heat, wiiich 
drives atoms asunder, is thus the antagonist force t» 
and a quantity of heat applied at a high temperatur 
more expansion than the same amount at a low one ; — the cohe- 
sion in tlie first case being pai'tiaUy overcome. 

239. The expansion of solids, though small, takes place with 
tremendous forSe. The Bunker Hill monument has a slight daily 
moti n pa d ts d Th nd bea of 

the t-mabd g dh d d twist 

like g p un h fl ■ heat. 

One fnb400 dpssd h ebuta 

qoarte f an m h by am wh he sun, 

expand n ta upp d n m n n in the 

cent w n h s ao a a Wh and n h ps are 

mad^ smaller than the frames they are to surround, and put on 
while red hot, their contraction on being suddenly cooled binding 
together the parts with great firmness. Iron, when joined with 
less expansible materials, as bars laid in masonry, often worka 
serioas injuiy by its expansions and contractions. 

340. E^ianaion of Liquids. — If the heat be sufficiently in- 
creased it overcomes cohesion, and the solid becomes a liquid. 
Liquids thus produced by heat, are also expanded by it, and to a 

todies eipanij eqanlly in oB dlreotLone, niitl what nnequalty? 'Wlijit docs Big. 101 
repreaeut ? Whal conolHslona follow from thfs esp|rlm6nt 1 239. Wbat Iliuatratioaa 
are given of (ha etpanslve force ofhead Why ai-e wheel lircHmBiSeBniaUerthan the 
wteeUtheyaretoBurroundT How do iron bam work iniary in maaonry ! 2iO,What 
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mnch greater degree thaa solids. "While iron inoreasea from 
freeaing to tioiliog but -g^, water expands j'j, and alcohol J. 
Hence the seaaona materially affect the hulli: of spiritous liquors \ 
they measure fiye per cent, more in summer than in winter. By 
heating different liqnids successively in a long-necked flask, Fig. 
8, p. 86, tJieir relative expansibilities are shown. 

241. Expansion of Gasea.— Bnt liquids cannot be incleflnitely 
espanded j a sufficient repulaion of their atoms changes them into 
gaaes. As a general law gases expand much more than liquids, 
although certain liqnida, as sulphurous and carbonic acids, are 
amongst the most expansible bodies known. Ab there are no 
varying cohesions to overcome, gases expand very nearly alike, 
increasing from the freezing to the boiling of water more than 
one third of their bulk. 

242. Measurement of Heat.— As the effect of heat is espan- 
Mon, the measurement of expansion becomes the measurement of 
the force. The common inatrumonts for measuring heat are called 
thermoineters. They measure not quantity of heat, hut tempera- 
ture. Heat is the force producing the effect ; and temperature 
the intensity with, which it acts. The thermometer gives the 
same report of a gill of water as of a gallon ; their temperatures 
are the same, though one contains a far larger amount of heat 
than the otJier. Liquids are better adapted for thermometers 
than either solids or gaaes ; as in solids the expansion is too slight 
to be easily perceptible, and gases are too sensitive to changes of 
atmospheric pressure to fit them for this purpose, 

243. Mercurial Thermometer. — To make this instrument, a fine 
glass tube with a bulb upon the end is partly fiOed with mercury. 
The air ia expelled from the rest of the tube ty heating it till the 
mercury rises by expansion to the top, and at that moment the 
glass is hermetically sealed by melting the end of it with a blow- 
pipe. As it cools, the mercury falls in the tube, leaving a vacuum 
above. 

244. Mercury has several important adTantages as a thermo- 
metric fluid. It is readily obtained pure, and does not adhere to 
the tube ; it is sensitive to heat, expands with greater regulai-ity 

\i Bfud of the expaneioii of liqnida? 24L How do Hqnids rank \a eipanBibillt j- J 
Ezsmptes. Why dogaBMCspanrtnlike? 843. Haw ie bent measured? Whal 
ara therm ODietera ? What do tharmometets Indioatel How are liquids best 
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than moat liquids, and haa a range of TOO degrees between freez- 
ing and boiling. Temperatures below the freezing point of mer- 
cury are determined by tbermometera filled with, alcohol tiDgeil 
with some coloring matter, to make it yisibie. 

245 The sealed tube is attached to a brass plate 
engiaied with the thermometric scale, Fig. 102. It 
/\iL\ 13 then dipped into ice water, and a mai'k msde op- 
' posite the top of the column of mercury, KiUed the 

freezing point It is now introduced into boiling 
water, and the heiglit to which the column rises 
IS maiked as tic ioilmg point. These are natural 
standard points which serve as a basis for the 
division of the scale In the Centigrade ther- 
mometer the f eezmg point is called zero, and the 
inteivid between that and the boihng point is 
mari.ed off into 100 equal spaces called degrees. In 
Ebajtmbs's scale the s^me space is divided into 80 
degrees, and in both oases degrees below zero ai'e 
distingnishedfrom those nbove by prefixing the minus 
signs (-). 

245. The scale named after its inventor, Fahren- 
heit, and which has unfortunately come into general 
USD in England and this country, is not so simple. 
He divided the space between freezing and boiling 
into 180 deTees ■ but instead of starting at the 
mg p m h h gh he would find the lowest 
p d mak at zero. So with snow 

d h m d n below the freezing point, 

d m d h his soale, therefore, freez- 

d h 2 The several scales are 

d mg a h m <a F 0,, and R. The Oenti- 

g d ff d d m 18 the most simple and 

d g d 11 m se for scientific purposes. 

B as !Fah b he h ra generally employed and 

most familiar, it will be the one leferred to in this book when no 
other is mentioned. 

247. The Diliei:ential ThermometBr con^sts of two thin glass 
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bulbs filled Witt air, and unitpd Ly i TiHiit tube containing 

ored liquid, Tig 103 If belt bs applied to 

one bulb, tbe air Twtbin it expands and presses 

down tbe liqmd, tbe degree of motion being 

'.hDwn b7 tbo si„ale This tbermfraetei, as 

its name sifjnxtic'j merely denotes tlie dif 

ference m. temperatmeB between tbs two 

bulb-* ind bas only been useful in Bcientiflo 

re--earGbea nTMu'cter " 

248 A-J mercury boils at 680°, temperatures above tbat degree 
are mea^'uied by tbe es 

pansion of lolids For Fio im. 

tbis purpose an inatru 
Dient oalliji tbe Pyrome 
ter la employed. It Lon- 
Bists of a bar of metal or 
clay, Fig. lOi, one end 
of wbiob is flsed, and the 
other joined to a levor 
wliieb plays over a grad- 
uated scale, as the bar ex- 
pands or contracts. 




§ 11. Nature oj 

249. THe Caloric Hypothesia.— Having noticed tbe general efr 
fects of heat, we may now inquire into its nature. The material 
hypothesis supposes it to be a kind of matter— a sabtile fluid whose 
entrance into our bodies produces warmth, and its escape cold. 
This fluid — caloriCy ia supposed to be stored up io the interstices of 
bodies, some holding more than others, according to their capaci- 
ties. It is assumed to have an attraction for matter and to com- 
bine with it, wbilat its own particles are aelf-repulsive, and thus 
cause the atoms with which they unite to repel each other. This 
hypotbesig, from its simplicity, bas done service iu times past, but 
such bas been tbe recent and rapid growth of knowledge, tbat, 
instead of any longer guidiog to truth, it only eclipses it. 
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250. In judging of heat, we must not misinterpret its imptes- 
aions upon ourselves. Jf we plunge one hand in ice water and the 
otliei" in hot water, and then transfer toth to water intermediately 
warm, it will seem hot to the one and cold to the other. Indeed, 
if we trusted onr ordinary sensations, we sliould helieve in two 
opposite prindples of beat and cold, a doctrine which was long 
advocated until it was fonnd that these aro merely i-elative, and 
that cold is but the absence of heat. Intense heat and intense 
cold produce the same sensations ; frozen mercury blisters the 
flesh like hot iron. Putting aside then onr sensations, what b it 
that we know concerning the nature of heat f 

251. The Essence of Heat is Motion. — With a few exceptions, 
which ai'eperhaps no real exceptions (485), the imiversal effect of 
heat upon all matter is to expand it. We say that bodies are heated 
and cooled and that one wa ns another near t But we ^t tly 
mean only that they espand and contract and tl at a 1 oly n 
expand n^ contracts others and u oontra*,t ng expands tl em 
Hen.ce d vested of ev -ytl mg not belong ng to t we find the 
efte t of he t to he s n I ly « ot o fij e parm on n m ter com 
m n eible f om body to body Thus the essence of heat 3 
mo The mot on of a mass mpl es the mot on of ts ja ts 
It 1 body espanls t is because ts atons have receded f ther 
i om e ch othe that s, have n yted Heat s tl eref re such a 
mot on among tl o oms of a hod as g ves r se to espans on 
Th 3 da was dearly enunc ated a 1 ndred yea s ago by tl e 
ph losopher Lo kc who sa 1 Heat s a e y V r si a^ tat on of 
the nsens ble pfirts of an ol je t wh ch p od ces n us that s nsa 
tion from which we denommate the object hot, so tliat what m 
our sensations is heat, in the object is nothing but motion.'' 

252. Universality of Motion. — The later views of the forces 
compel the idea that the atoms of all matter are in a state of inces- 
sant moTement. As nothing around us is at rest, the idea of the 
quiescence of atoms would seem to contradict the whole spirit 
and course of nature. The celestial bodies are in. perpetual move- 
ment ; indeed each one has impressed upon it several motions. Our 

malerfalhjrpotheBisofhcatl How fa it estimated 3 250, Howraay onv seosalfone 
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own globe has a motion of rotation upon i(a axis, lasting a day— a 
motion of translation ronnd the sun, continuing for a year. It has 
also one motion upon its asis aeconipliBlied in 19 years, and an- 
other which is only completed in 25,888 years ; it has also a fifth 
motion with the solar system through space, which may reqnire 
milliona of years for its completion. Thus the character of the 
aolar system depends upon the motionsofthe planets, which we 
may look upon as its atoms. 

353. It cannot ha d#uhted that, at the other extreme of being 
among ultimate atoms, there is also an order of motions equally 
regnlar and systematic. Eaoh atom, closely as it seems packed 
with its neighbors, is believed to he in a state of inoeaaant ribra- 
tion, and all material bodies, however quiet and solid they appear, 
are supposed to be made up, neTerthelesa, of an infinity of these 
'whirling parts' which never touch each other and never rest. 
An atom may rotate upon its axis, oscillate, revolve through an 
orbit, or, like a planet, it may execute several of these motions at 
once. This idea has become the all-harmonizing principle of the 
foi-ces. 

254. As heat is a motion of atoms, intensity of the motion de- 
termines temperature. When a body is heated, the vibration of 
its atoms is augmented ; the particJes move through larger spaces ; 
are urged apart, and thus cause tlie body to expand in bulk. When 
the vibrations of the atoms of solids become sufficiently violent, 
they are loosened from the rigid grasp of cohesion, and, continuing 
to oscillate as before, they are now at liberty to slip or fiow around 
and anaong eaoh other. This is the liquid state, in which rigidity 
has disappeared, although a certain amount of lateral cohesion still 
remains (64). A furtler augmeutation of heat increases the swing 
of vibration until tha atoms are thrown qiiite beyond the sphere 
of cohesion, and fly asander into the vaporous or gaseous state. 
' The ideas of the best-informed philosophers are as yet nncertaia 
regarding the eaact nature of the motion of heat; bnt the gi-eat 
point at present is to regard it as a motion of some Mnd, leaving 
ita more precise character to be dealt with in future investigations.' 

lirobaMaconcBniirgEtolUB? 'miat ia saia of oeloaimi mntionH! 2SS. Wliatprota- 
bUlly iloea IhiB createl Wbat view is held concerning the motion of storost 
254 What roaulta from the intensity of atomfo motion? When nboayfs heated, 
■what oocotB wiltinl What rcBults from the violent vlbratlone of the atoms of 
soliasl What canees the change (mm the Uqull la the vaporous slatel "What Is 
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2B5. The view juSC given ia known as the dynamic hypofhesis, 
or the mechanical tlieory of iieat. That branct of the Eoienoe of 
thermotiea which treats of the laws of Jieat as a motive power, is 
known aa thermo-dynamics. A difficulty in acquiring the new view 
is, that the current language coaoeming heat implies the material 
hypothesis. It is bo natural to regard heat as a thing — tojascribe 
a subsianti've existence to that which is the subject of a niime, that 
it will he necessary to guard against the misleading tendency of 
the oi'dinary terms. The pupil should sfflve to think of heat not 
as an abstract thing, but simply as a contagions or communicable 
motion of atoms It may be furthei" observed that this hypothesis 
19 far fiom being new It has been maintdned bythcacutest 
scientific intellects, as those of Bacok, Botlb, Nbwtoh, Mowool- 
riBB, SsauiiT, EcMroPD, Davt, Leslie, and Youkg. But the late 
advances in the knowledge of foree have brought it into a new 
prominence and oftused its acceptance by the leading scientific 
mind- of the ago ('ct note, page 17S.) 

§ III. Soitroes of Heat. 

256. The chief source of heat is the sun. As the stars aro only 
remoter suns, we undoubtedly obtain from them a large amount of 
heat ; accoi-ding to Pouillbt, almost as much as from the sun ifaelf. 
Combustion is afamiliar source of heat which will be noticed here- 
after (579), and the vital heat of animals is due to the same cause 
(1257). Heat is also produced from the other forces — electricity, 
magnetism, and mechanical power. To consider the last-named 
source will aid us to clearer notions of the nature of heat and the 
true relations of the forces. 

257. TheHeat of Frlction.~l>rotliingis more familiar than the 
f^ct that friction produces heat. We warm our bauds and ignite 
matches by rubbing them, whilst wood may be set on fire by the 
friction of one piece against another. Tlie development of heat 
by friction may be strikingly shown by a simple meohaniam. A 
hollow brass tube is mounted upright upon a table so as to revolve 
rapidly by turning a wheel. It is closed at the bottom, nearly 
filled with cold wat«r, and tightly corked. Tlie tube is then clasp- 

What 



int point in th 




lermo-flynamK 


!B? What dlffioultj ■ 




Ik Ihts bypotbaaie m 


B it now rega 


rdcai 266. Wliat ai 



d=,Google 



GOUKCES OB HEAT, lU 

ed in a groove formed by two pieces of oak, T, Fig. 106, joined by 




itcal Force Into Heftt 

a li nj,e Fpon. r p dlj t raing the wheel, the water is boiled, 
steam, formed, and the cork e;KploJed 20 feet into the air in two 
minutes and a half. Iron plates ground against each other by wa- 
ter have yielded a large and constant supply of heat for warming 
the air of a factory in winter. Heat is also produced by the fric- 
tion of fluids. Ebshib inclosed 10 lbs. of water in & hos, and, 
revolving it at the rate of 232 revolutions per minute, in a short 
time raised it to the boiling point. Hence water running in sluices 
and the aea after long storms are sensibly wiimed 
258 Oompressjon al- r^nn 

so produces heat Apiece 
of cold wood or a cold 
lead&n bullet squeezed 
forcibly m a hTdn,uhc 
press are mide warm 
F«m laion iB another 
source of heat A cold 
bullet struck upon aa 
anvil by a sledge ham 
mer is heated A leid 
en ball lifted seroril 
feet and diopped repeat 
edly 13 wormi-d , and a ^ 
cannon baJl ^hcn stnk 
m^ an irm target or 
si ip s wdc IS so intense 
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I7 heated as to produce a flash of ligJit. The arreat of a liquid in 
motion is also a source of heat. If two glasses are swathed thickly 
round with listing, so that the warmth of the hand cannot affect 
them, and theo cold mercnry is poured from one to the other 
ae^erai times, Fig. 106, its t«mperature will be raised. 

359. Wliat now is the source of heat in these eases! The ca- 
loric hypothesis utterly fails to explain it. That theory maintains 
that the heat of friction exists in a latent state in tlie bodies 
rubbed ; that different substances have different eofoaities for hid- 
ing and holding heat, and that fi'iotion diminishes this capacity, and 
thus brings it ont, as squeezing brings the water out of a sponge. 
But this is grossly erroneous, as was proved by Datt. He rub- 
bed two pieces of ice together in a vacuum, and melted them by 
pure friction ; but the water produced contained a far greater 
amount of heat than the ice, and the greater quantity could not by 
possibility be derived from the less. Besides, the amount of heat 
that various bodies natnrally contain, as we shall soon see, is 
perfectly definite ; while, on the contrary, the heat produced by 
friction js in&ckau8tible, and is utterly independent of the nature 
of the substance used. This was demonstrated by Count Etjm- 
FOED more than sisty yeai's ago. 

2S0. True Source of the Heat. — The heat of friction depends 
not upon the properties of the bodies noting, but upon the force 
spent m producing it. The great principle has been established 
that force like matter is indestructible. It may be changed from, 
form to form, but oan neither be created nor anaibilated— the 
total amount in the universe remains forever the same. Hence 
when n moving body is stopped, its force is not destroyed, but sim- 
ply takes another form, "fflien the sledge hammer strikes the 
leaden bullet and comes to rest, the mechanical force is not anni- 
hilated, but is simply converted into heat, and if all the heat pro- 
duced could be collected, it would be exactly sufficient when re- 
converted into mechanical force to raise the hammer again to the 
height from which it feli. So when two bodies are rubbed to- 
gether, their surftioe particles are brought into collision, mecha- 
nical force is destroyed, and heat appears — the heat of friction. 
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261. We place s wheel upon a rough axle and set it to whirl- 
ing ; after a few turns it comes to rest, and the axle is found hot. 
The mechanical impulae has been converted bj friction into heat. 
"We now lubricate the asle witli some siahstance that reduces fric- 
tion, and set it to revolving agwn with the same impulse. It now 
turns a much longer time, and the temperature of the axle is but 
slightly raised. Yet precisely the same amount of heat is gene- 
rated in this aa in the other case, though the friction is now against 
the air and the heat escapes without detection. 

262. Take the familiar ease of a railway train. Heat is gene- 
rated in the locomotive by combustion. A portion of it is wasted, 
and the remainder is spent in the expansion of water into steam, 
which through the machinery produces motion of the train. Tha 
object is to convert all the heat possible into mechanical motion, 
and BO every rubbing surface is oiled, because each point of fric- 
tion is so much leakage and loss of motion by reconverting it into 
heat. But when the train approaches a station where it is desired 
to stop, what is to be done? The moving fores cannot be anni- 
hilated; it must be tran^'rrmed; so the brakes are applied, the 
train slaekena, smoke and sparks are produced, and the entire 
motion of the train is thus converted back again into lieat. The 
rigorous relation of equivalency between heat and mechanical mo- 
tion will be considered liereafter (411). Te only call attention 
here to the fact that the checking and arrest of mechanical 
motion, however slight it may be, whether of air, water, or solid 
bodies, is a definite and universal source of heat; and again that 
heat, whenever it disappears, invariably produces some form of 
motion or worh 

263. Wow as heat produces mechanical motion, and mechanical 
motion heat, they must cleai'ly have some common quality, "While 
heat was regarded as material, it was impossible to see anything 

1 between them, for how could the fall of a body, for 
B converted into imponderable matter ! On the con- 
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trai'j, tlie dynamical theory afflnns that as mechanical movemont 
ami h at a e loth nodes of motion the\ m st he mutually and 
easily conyeit ble ^f en i mcMBg ind'fa is checked or stopped, 
its force ib not aunhilated bit the giosa pilpable motion is i're- 
finitely sub Imded and oommumoated to the atoms of the body, 
prodncmg moreaaed vibiationa which apjear as heat. And so 
when heit pr duces work 3 in the steam eng ne, a cei'tain. 
amount of it ia destroyed, the motion of the atoms of steam being 
oonverted into mechanical motion of the piston and machinery. 

§ IV. Cond-uction and Convection of Heat. 
264. How it la Oonveyed. — The closely packed particles of 
bodies cannot vibrate without communicating their motion from 
one to another. Each atom taies up the motion of its neighbors 
and imparts it to others, and thus the effect is gradually propa- 
gated through bodies ; this is called eondueUon of heat. Bodies 
possess this power in very different degrees. If the particles vi- 
brate freely, they eommimioate their motion rapidly, and are said 
to he good oonductoi-a ; but if they are so trammelled that they 
cannot pass the motion freely, they are 7>ad conductors. 

j,,^^ ^1,^ 265. If several marbles 

-^^ _- - stuck by was to a cop- 

i'jM per rod. Fig. 107, and heat 

^-^ be applied to one end, it 

gradually passes along the 

rod, the was is melted, and 

the marbles drop off suc- 

'^'^"'^ sirely. Generally the more 

dense a body jp, the better it conducts; 

therefore, solids are better conductors than 

liquids, and liquids than gases. As a 

dass, metals are the best conductors, but 

they differ much among themselves in 

this respect. The imperfect conduction 

of liquids may be shown by Ulling a glass 

tube with water, inclining it over a lamp 

and applying the flame at the upper end, 

Fig. 108. The water will boil at the eur- 

doea best mova tJirough bodies) 306. Describe (bo 
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face, wliile at tke bottom there may still be ice for a considerable 
time. Dry air is one of the poorest eonductoi-a. Loose materials, 
as wool, cotton, sawdust, are bad coDduotors, chiefly owing to the 
air inclosed ia tbeir inner spaces. 

266. Oonneatiou of Heat and Xjleotricity.— The foUowing table 
shows the relative conducting properties of several metals, the 
power declining bs the numbers decrease : 



PWinnm 3 10 

€«niuiii ellTei 6 G 

fitamneh 2 

The conducting powei of the metals for electricity is also giyen, 
and a remarkable correspondence is seen in the numbers. Those 
properties which make a metal a good conductor of heat render it 
also a good conductor of electricity, and those which obstruct the 
one obstruct also the othei The forces must also be closely con 
nected in tlmr modes of action 

267 InfluEmoBof Atomic Arrangement— If the rio 109 
atomi are dwposed alike m aU directions, tonduc 
tion 13 umform, but, if theie is a polar oirangement , 
of atoms conduction becomes iiuequ'il This i 
seen m cryafals A slice of qnartz out anii/ji :ti 
axis Pit lOD was perfoiated with a small hole Equal Conrtuo- 
and cohered with a layei of white wax A wJie " 

was then inserted thiongh the oiifl(,o and iieifed bj an eleotrio 
current. The was melted in an exact circle, which showed equal 
conduction in oil directions. A pjg -,jq^ 

dice cut parallel with the axis, , ,^ „ .. j, ... ^; - — ^ 

as in Fig. 110, treated in the Z" *"' ^^ ^' _ ' ' ' ' ""'"'^ 

same way, gave an oblong out- xj, ' , „ ^ 

line of the melted was, ahowmg 

that the heat travel with mora 

facility along the crystalline &xih 

than across it. The metal bis- u^^^.4^%"ui.u..m„i. 

eiperimont with Uie marbles. How is the bad oonauction of liquids b1i<™ 
286. How does silver differ from bismulh in conducting power? Wliat relat 
between llie condncUon of lieat and elecMoitj-! 267. What condition 0/ aWi 
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muth. conducts both heat and electricity better along the planes of 
cleavage than, acroas them. Tho same thing has been found in re- 
ference to wood ; it transmits heat better along the course of the 
fibres than across them. This principle economizes the warmth 
which the tree derives from the soil, by preventing its lateral es- 
cape, and at the same time protects the tree from the injurioua ef- 
fects of sudden changes of esternal temperature. This effect is 
also heightened by the non-conducting bai'li, 

263. Oonduotioii InflUenoea Sensation. — The carpet feels warm- 
er to the naked feet than oil cloth, because the iattec oonduota 
away the heat faster from the skin, although both are at the same 
temperature. If the hand be placed upon silver at 130°, it will be 
burned, owing to the rapidity with which the motion, of heat leaves 
the metal and enters the flesh. "Water will not scald the hand if 
it be held q Ij t till t a h 15 wh 1 th t t f au- 
at 250° oSOOnjb ddThp [If dtnis 
of great mp tan tlynt bt tspjl to 

the arte a d q ff m t f d 1 1 Ha m'e p t t th th 
and crop f m th Id f w by a 1 y f 

coQducting 'oj w th bn'ds hpt bjftlyplm 
and quadr pdsbba wladf T wmte 1 tJ g w 
gt t b t mm g d d t 

d th p f sup rfl h t 

269 nv ti n— Alth gh 1 q d nd 
I d t s, t m tl 

bit f h ir part 1 h y y b p dly 
htdlyap f latn 

If h t b ppl d t tl b ttom 
fa 1 ta ng w t th 1 w p 

f th 1 q 1 w<um d p nd b m 8 
1 ght ni e. d t plac b g ak n by 
tl Id !iq 1 at th d s— th f m a 
t t t wh h d ft th h t th gh 

miiiifi th wh 1 ma It f w p t 1 tit 3 
bdpid Eoaflkflil wat th 
central en nt ra d hi by th bl t t t haa acq d m y 
he seen ng to th rfac f h liq 3 wh t b 1 

influences condDolionf What iflsliown by the ei:petlment« with quartsi Wbat 
ofwood) HowdoeBthlssffecttroM? 268. How does conduction influence sensa^ 
tlon 1 How le tlia prinoiple employed in nature I In art 1 M9. How do liquids 
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every direction, !Fig. Ill, and travds down the side of the vessel. 
In. this wnj, water is circulated through systems of pipes to wann 
houses. 

270. Gases are heated in the same manner. The warm air in 
contact with a atove or otLer heated body becomes lighter, and 
aaoends, while the colder and heavier air rushes in to supply its 
place. This, heoomiirg heated, also aaeenda, and thus a system of 
currents is established which difilises warmth through the apayt- 
ment. This principle is applied in warming houses with hot air, 
and also in arrangements for artificial ventilation. In the ocean 
and the atmosphere the same ezobanges are inceesantly going on, 
in the former giving rise to vast currents which equalize its tem- 
perature, and on land producing breezes, stoi-ms, tra<le winds, &o. 



§ V. Latent Heat — Tut&rior Worh. 

271. Heat, by overcoming the cohesion of solids, detaches 
their atoms and changes them into liquids. That degree of heat 
which is required to liquefy a substance is called its •melUng point. 
From hundreds of degrees below zero up to thousands above, the 
various substances of nature melt at different temperatures, show- 
ing that each requires its particular amount of heat force to throw 
it into the liquid state. 

273. Latent Hsat. — Whenever a solid is changed to a liquid, a 
certain amount of thermal force disappears in the process. If we 
apply heat to a lump of ice at 83", it gradually melts, but the wa- 
ter produced is at the same temperature as the ice. "What then 
has become of the heat? la the language of tJie old hypothesis, 
the disappearing caloric is stored up in the water, where it still 
exists in a state of concealment as ' latent ' heat. But there is no 
evidence that it eoniirmea to exUt as heat, Accoiding to the dyna- 
mic view, the heat does work hy overcoming the cohesion of the 
particles, and is consumed in foivring them mto new relations. 
This theory maintains that furce cannot disappear without pro- 
ducing some effect , it teaches that what is called ' latent ' heat" 
is simply that amount of thermal force which is consumed in pro- 

coiivey heat? DeBciitii: the experiment 270 How are gsaes heated! 2TL El- 
wheQ loo Is melted! Whaf endenoe Is there that It Btilleilata as teat? Whatis 
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273. If we expose equal weights cf diffei-ent substances to the 
saiae souroo of heat, they do not all receive it with equal readiness 

„.^ ,,„ or in equal amonnta in the same 

length of time ; some will hocome 
much warmer than others. If a 
cake of was, D, Fig. 112, be 
placed upon the ring of a retort 
stand, and several metallic halls, 
having heen immersed in a bath 
of hot oil, he placed upon it, they 
will sink throngh the wax at differ- 
ent rates. The iron geta through 
first, and tlio copper follows. The 
tin hall just peers through the 
lower surface, and is stopped, while 
the lead and hismnth scarcely 
sink to half the depth of the 
caie. Although the halls are all at 
the same temperature, yet they hold very unequal amounts of 
heat. Water requires 80 times as much heat as mercury to raise 
an equal weigjit of it through the same number of degrees. Hence 
bodies are said to have different capacities for heat, and, as each 
substance seems to require a particular quantity for itself, that 
quantity is called its speaifle heat. 

274. Ofllorimetry is the art of measuring the specifio heat of 
bodies. This may be done in various ways : one is by observing 
the quantity of ice which equal weights of different subatanoes 
melt in falling through equal degrees of temperature. The specifio 
heat of water is found to be the highest of any known substance. 
Water being taiien as 1, snlphur is 0.20, eir 0.26, iron 0.11, copper 
0.00, and lead, mercury, and gold, 0.03. 

276. Twofold Action of Heat. — Thus when heat falls upon a 
body, a portion of it is manifested by the rising temperature, and is 
spent in producing increased vibrations of the atoms. But another 
portion is spent in forcing the particles of bodies into new posi- 
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tiona, and as different subataaces Lave different atomic constitu- 
tions, different amounts of heat are consumed in. acting upon them 
— these amounts are their apeeific teats. 

216. It has been weD suggested that the atoms drawn together 
hj" ooliesion. resemble a weight pressed to the earth by gravity. 
"With a cord and pulley we can overcome the gravity and raise 
the weight ; and we can also cause it to oscillate as it rises. One 
portion of the force is espended in raising it from the gronud, and 
another in causing its vibrations. So with the atoms ; at the same 
time that their vibrations are increased theyVe also forced iuto 
new arrangements. Heat consumed in this latter way is said to 
perform int&rior viork. As the body CdOls, the constrMned atoms 
gradually resume their former places, and the precise amount of 
heat is given out again. 

277. Potential and Actual Enei^y. — When a weight is drawn 
up by a cord, it may be perfectly at rest, but the new position 
makes it a store of force, which in its fall becomes moving force. 
While suspended it was said to be in a state of possible or potential 
energy ; in falling, this is converted into aetual energy. When 
it has fallen part of the distance, it is evident that a certain amount 
ofpotentidenergyiaconvertedinto actual energy; and, as it strikes 
the earth, all its potential energy is converted into actual energy. 
' As potential energy disappears, actual energy comes into play ; 
thriwghout the wniDerge, the awn of these iwo energies is e<mstant.' 

278. This principle applies equaUytoatoms; the weight and the 
earth may represent two mutually attracted particles. The atoms 
of wood and coal ore in the raised condition oi potential energy; 
oxygen may represent the earth ; they rush together in the fur- 
nace, and their potential energy is converted into the actual energy 
of heat. This agdn is spent in raising the atoms of water to the 
potential energy of steam. Again, the atoms of steam fall, and 
their potential energy is converted into the actual energy of the 
moving engine. 

279. Tremendoua Enei^y of Alomio Movements. — As our or- 
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dinary conceptions of force result from the large effects that strike 
the senses, we very naturally conclude that the interior work per- 
formed by lieat among insensible atoms is but a trifting alfair ; but 
th-is is o grave mistake. The most impressive lesson of modern 
science is, that the material objects around us whicli appear so pas- 
sive are, nevertheless, filled with the most tekmesdous ttcrrniiBs. 
A pound of iron upoE being heated from freezing to boiling expands 
■^'ifTf of its length. The atoms ai'e but slightly shifted, yet the heat 
necessary to move them would raise 8 tona one foot high ; or, in 
other words, the hSat exerts a force upon the iron 16,000 times 
greater than that of gravity. 

280. In melting 9 lbs. of ice, heat changes the position of the 
atoms, and confers upon them the potential energy of water. Ad- 
ditional heat drives the atoms further asunder, and confers upon 
them the higlier potential energy of steam, StiU further heat (or an 
equivalent force) decomposes the steam, forming 1 lb. of hydrogen 
gas and 8 lbs. of oxygen gas, with a still higher state of potential 
energy. Now, in returning to their former conditions, they give 
out an actual energy esactJy equal to their potential energy. The 
clashing force of the atoms, as they revert to the Buocessive states, 
has been represented by the fall of a weight down three great pre- 
cipices. The first fall— the collision of the two gases— is equal to 
tlio plunge of a ton weight down a precipice 33,320 feet high ; 
the second iall — the condensation of the steam — is equal to the 
descent of a ton down a precipice 3,900 feet high ; and the third, 
the freezing of the water, is equal to the fall of a ton weight down 
a precipice 433 feet high. 

281. Prof. Tthdall remai'ks, 'I have seen the wild stone ava- 
lanches of the Alps, which smoke and thunder down the declivities 
■with a vehemence almost safBcient to stun the observer. I have 
also seen suowflakes descending so softly as not to hurt the fra- 
gile spangles of which they were composed ; yet to produce from 
aqueous vapor a quantity of that tender material which a child 
could carry, demands an exertion of energy competent to gather 
up the shattered blocks of the largest stone avalanche I have ever 
seen, and pitch them to twice the height from which they fell.' 

modern aoienocj What are the compapative effects of heat and gravity upon a 
pound of Iron) 280. What chajigoe does heat work in nine ponnds ot WBtcrl 
WbBt are the elepB of potential energy vbinb the atone aecendf To WbsC Is their 
aotnal energy ednal! 281 What alrlklngillaBtratlondoea Prof. TrSDiiiglveof the 
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§VI. Liquefaotion — Freesing — EbulHtion 

2Q2. The amount of force cocsiaraed m pioducing liquefaction 
is readily ascertained. If we taie an ounce of ice at 33°, and one 
of water at 174°, and put them together, when the loe la melted 
we shall have two ounces of water at 32° The ounce of tot 
water has therefore parted with. 142° of its heat m melting the 
ice, which amouDt is the 'latent ieat' of the resulting nater 
Those wlio have attempted to melt snow for dome&tic puiposes 
know by the delay in the result the great lo«a of heat involved 

283. Vo here note the henefloial mflueuoe of thermal lans 
in. the world's economy. If when ice is at 32°, the addition 
of one degree of heat would rdse it to 33°, and thus throw it 
into the liquid form, all the accumulated snows of winti,r TOigM 
be turned almost in aa hour into floods of watei, by w hi(,h wholo 
countries would be inundated. But so Iwge an araoimt (f heat is 
required to produce this change, that time mu=t become an element 
of the process ; the snows arc melted gradually in spring, and all 
evil consequences are prevented, 

284. Preezii^ Mixtures. — Advantage is taken of the absorp- 
tion of he'it in liquefacti n to produce freezing mixtures the most 
common example of which is snow ind ilc In this case the salt 
melts the lee t j unite with its watei winch in turn dissolves the 
salt so that both solids are changel to liquids Tlie e changes 
require great heat which is absoibed from siirounding bodies; 
the cold produced sinkmg the thermometer 40° below zero. 
Four ounces each of sal ammoniac and nitre finely powdered, and 
mised with eight ounces of witer, will reduce the temperature 
from 50 to 10 A Lonvement method of Ireezmg a little water 
IS to diench powdered sulphate of soda {Glaubei s salt) with 
munatic acid ; it may sink the thermometer from 50° to zero. 

2C5. Heat IiilieratedbyPreeaiing.— If the change of a solid to 
a liquid eonmimm force, the reverse change must produce it ; the 
force therefore reappears as heat upon freezing. As the thawing 
of snow and ice in spring is delayed by the large amount of heat 
that is eipended ii) the forming of water, bo the freezing p 

powerotmoloonlarforocs? 2B2, Howls tbo lieat of ILquefautlon found ' 
are tte effects of this principle ( 28*. How do snow and ice prodnco 
tloB aDoBier fteazins mlsturo. !ia6. How la freeaing s warming p 
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of autumn are delayed, and the warm seasoa prolonged, by tlie 
large quantities of teat that escape into tte m; from the chaiiging 
of water into ice. The same principle is made available to pre- 
Teat the freezing of vegetables, fruits, &ic., in oeUare, during in- 
tensely cold weather. Vessels of water are introduced, which, in 
freezing, give out sufflcient heat to raise the temperature of the 
room several degrees ; freezing is thus made a means of wai-ming. 

286. Regelation^— Attention has lately been called to the fact 
that if pieces of moistened ioo are brought into contact, they 
freeze together; lumps Swimming in water — even icarm water — 
may be made to cohere. This phenomenon is called vegelation. 
The surface paiticles of the ice gain their liquid freedom, because 
they are confined only on one side, but when the surfaces are 
brought together, this liberty is instantly checked ; what was the 
surface becomes the centre, aud cohesion takes place. Ice crushed 
to fragments can be refrozen in a few seconds under hydraulic 
pressure into a solid transpai'ent mass, taking the shape of the 
mould in which it is pressed. It has long been a matter of inquiry 
by what property of ice those frozen rivers, the fflaciers, slowly 
move along their tortuous beds, down the sides of mountains. It 
bas been attributed to ft viscous property by which the ice flows 
like thick tar ; but regelation— the property of crushing and 
freezing under pressure — seems better adequate to explain the 
&cts. 

287. EbuUition. — When water is gradnally heated, minute 
bubbles are found at the bottom of the vessel, which rise a little 
way, are crushed in, and disappear. These consist of vapor or 
steam, which is formed in the hottest part of the vessel, but as 
they rise through the colder water above, ai-e cooled and con- 
densed. The singing sound of vessels upon the fire just before 
boiling Is supposed to be caused by vibratory movements pro- 
duced in the liquid by the formation and collapse of those vapor 
bubbles. As the heating continues, these rise h^her and higher 
until they reach the surface and escape into the air, producing 
that agitation of the liquid which is called ioiUnff or ebullition. 

283. The temperature at which this takes place is called the 
doilinff point. Different liquids boil at different temperatures, but 
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■each liquid has & boiling point peculiar to itself. This varies with 
circumatanoea ; it is slightly influenced hy the nature of the con- 
taiDing vessel. To glass and polished laetallio surfaces liquids 



adhere wi 
vaporizati 
Btaiicos di 



force than to rough surfaces ; and l 

adhesion must be overcome. " Snb- 
issolved in a liquid also raise its boiling point on account 
of their adhesion. Under ordinary oircmnatanoes, water boils at 
Sla", but saturated with common salt its boiling point is 324°, 
It has lately been shown that the amouQt of air dissolved in the 
water affects its boiling point, as it presses the watery particles 
asunder, and thns aids them to take on the gaseous state. Watfer 
purged of its air by long ebullition has been heated to 376° 
without boiling. "When it did boU the water waa instantly 
changed into vapor with a loud esploaion, the cohesion of its 
particles being suddenly overcome, like the snapping of a spring, 
by the repulsive power of the accumulated heat. The explosion 
of steamboat boilers, it is thought, may sometimes be owing to 
this cause. 

289. But the most important circumstance that influences tho 
boiling point ia the pressure of the atmosphere. This resists the 
riang vapor, and as it fluctuates, the boiling point varies. At tho 
level of the sea, atmospheric pressure is about IS pounds upon 
every square inch of surface, and its variations make a difference 
of 4i degrees in the boiling point. This pressnra ^^^ j|g 
becomes lighter as we ascend into the atmosphere, 
and the temperature of tho boiling point is corre- 
spondingly diminished, so that boiling water is leas 
hot ia high altitudes than in low ones. At the 
hospital of San Bernard on the Swiss Alps, which 
is 8,400 feet above the sea, water boils at 184°. 

290. The Cnlinai? Paradox affords as triking 
illustration of the boiling of water at a low tem- 
perature under diminished pressure. A flask half ^^^ 
filled with boiling water is tightly corked and ii 
verted upon the ring of a filter stand. Fig. 118. '""'^'"'''"' 
The pressure of the confined steam will cause the boiling instantly 
to cease. If cold water be now poured upon the flask, the steam 
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wittin will bo condensed, tlie pressure relieved, and boiling will 
commenoe energetically. If again hot water be poured npou it, 
by renewing tbe steam and tlie pressure, the boiling coasos. The 
j)uisa glasn is a tube connecting two bulbs, and half filled witli 
etherj air being esoluded. On grasping one of the bulbs, the 
. beat of the hand so espanda the 

ether, that its rapor forces the 
I liquid into tie other bulb with 
violent ebullition. Fig. 114. 

291. The Spheroidal State.— 
Water adheres to most surfaces, 
but heat desti'ojs this attraction, and, if drops of it fall upon a red- 
hot plate of metal, they gather into spheroids, roll about, and 
evaporate very slowly. Fig. 115 represents a 
.33 of water in the apheividal state. In this 
le the heat of the metal produces a layer of 
vapor which supports the drop, so that it does 
not touch the surface, but is driven about by 
a current of heated air. The temperature of 
' the spheroid never reaches the boiling point 
of the liquid, as the vapor, being a non-con- 
ductor, does not transmit the heat from the 
metal, and besides, it is kept cool by evapora- 
tion from its surface. If the temperature of 
the plate be allowed to fall to a point at which 
the water wets its surface, it wiU be suddenly 
scattered in a kind of explosive ebullition. Fig. 
116. 

292. All volatile liquids act in this respect 
iike water. Liquid sulphurous acid, when 
poured into a rod-hot crucible, takes the sphe- 
fts its boiling point is 18° below the freezing point 
actnally freeze water by pouringit into sulphurous 
acid in a red-hot crucible. We can thus esplain another remark- 
able fact. If damp with perspiration, or slightly moistened, the 
hand may for an instant be dipped in melted lead, or white-hot 
melted iron, without burning or discomfort. The thin film of 








d^vGoogle 



VAPOBIZAHON. 



moisture is thrown into the spheroidal condition, and presents a 
effectnal barrier against the intense heat. 



§ VII. YaporizaUon. 

293. The change of solids or liquids bj the force of heat to va- 
por is called va^orisatiori. Substances whidi are readily converted 
into vapor are aaid to he mlatile, while those which are vaporized 
with difEculty are termed fixed or nonvolatile. The slow forma- 
tion of vapor from the snrfaoes of bodies is called evaporation. It 
goes on at all temperatures, even from the surface of ice and snow, 
but is rapidly increased as the temperature rises. 

294. Heat of Vaporization,— A much larger amount of heat is 
spent in converting liquids into vapors than in changing solids to 
liquids, while the vapors ai-e no'hotter than the liquids fi^om which 
they are loimed The heat has been consumed in producing tlio 
repulsive motion and the consequent enormous expansion of the 
gaseous body If the liquid is exposed to the air, it is impossible 
to raise its tempeiature above its natural boiling point. All the 
heat added after boilmg commences is carried away by the vapor. 
Water boilmg violently is not a particle hotter than that which 
boils moderately. ■ 

295. The quantity of heat which disappeai-s daring evapora- 
tion is very large. With the same intensity it takes 5^ times 
as long to evaporate a pound of water as it does to raise it from 
fivjezing to boiling; it hence receives 5J times as much heat. If 
therefore 180° were required to boil the pound of water, nearly 
1,000° are necessary to change it to vapor, and being spent in 
producing the change of state, it of course disappeai-s. This quan- 
tity is, therefore, the ' latent ' heat of steam. If the process be re- 
versed and the vapor be made to reassume the liquid form, the 
heat reappears. The condensation of a pound of steam will raise 
6^ poauds of water from the freezing to the boiling point. Steam 
is hence a valuable agent for transporting heat, as is done by steam 
pipes for warming buiMiiip. ^ 

296. Its Cooling Effects.— As evaporation consumes heat, it is 

263. What ta vflporlziiUon ! Evaporation? 294. Wbat iasaldof thoheat re^uiradl 
If the Bt«am la coriaenBed, what follavit W3. UeDtlan eoms of the oooliDg eSeeta 
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a cooling process. "We experience this in lie cold seiisatioii of 
evaporating a few drops of ether from the hand. Aa the per- 
spiration evaporates from the skin, it hecomes a powerful cool- 
ing agency and regulator of hodily-temperatiire, while tlie vapor 
which escapes from tlie hreath,hj its ahsorption of heat, exerts b 
cooling effect within the hody. It is interesting to observe how 
the great capacity of water for heat makes it so gratefully cooling 
as it enters the hody, and how its still greater capacity for heat 
when passing into vapor enables it so constantly to hear away 
from Hs the germs of fever as it escapes from the system in the 
form of insenaihie or manifest perspiration. The pemlBioits effect 
of wearing wet clothing arises from the rapid evaporation of its 
moisture, which rohs the body of large quantities of heat. Damp 
soils are cooler than dry ones, because evaporation dissipates the 
heat which falls npon them. The heat of torrid regions would 
^ _^^ be insufferable, were it not for the cooling 

effects of rapid evaporation. Wind hastens 
evaporation, as it carries away the air as soon 
t is laden with moisture, replacing it with 




297. Freezing by Hvaporatlon.— Water 
nay be frozen by its own evaporation, as may 
be seen in the esperiment, Pig. I'l'J. A.vessel 
of water and another of sulphuric acid are 
placed under a bell jar from wbicb the air is 
esbausted. The Bulphnrio acid absorbs the 
moisture of the water so rapidly that the lat- 

293. The Oryophoma or Frost Bearer is 
an instrument which strikingly illustrates this 
principle. It consists of a tube with a glass 
Lulb at each extremity, one of which eon- 
tains a little water. Air is expelled from the 
instrument by boiling the water, the aperture 
through which the steam escapes being seal- 
ed, while the remaining space is filled with 
vapor. The empty bulb is then placed in a 
freezing mixture. Fig. 118, and the vapor condenses, its place being 
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supplied by vapor from t!ie water tralb. Condensation and evapo- 
ration, go on so rapidly that the water is soon, frozen, 

299. The greatest artificial cold has heen produced by the rapid 
evaporation of highly volatile liquids. By the vaporization of car- 
bonic a«l.d and ether in the vaounm of an air pump, Fakadat reach- 
ed 166" below zero, while, by raising liquid protoxide of nitrogen 
with bisulphide of carbon in a vaouum, M. Natteeee produced 
the lowest recorded temperature, 230" below zero. 

300. Moiatuieinthe Air.— The air always contains moisture, 
the amount of which varies with the temperature. The power 
of the air to absorb moisture is called its capacity for aiecrpUon. 
When it contains as much as it is capable of holding at a given 
temperature, it is said to be saturated, and any lowering of the 
temperature eondenaes it in tho form of clouds, mist, fogs, dew, &o. 
Thedegree of temperature at which the mois- ^^^ ^^^ 

ture is condensed is called the dew point. 
If the temperatnre of the air has to fall but 
a few degrees before moisture is deposited, 
the dew point is said to be high, and there 
is much moisture in the air ; while, if the 
temperature must fall far, the dew point is 
low, and the air oontams leis moi'^ture. It 
is obvious, therefore, thit, by flndmg these 
two points of tempeiature one can easily 
obtain the amount of atraospbeno humidify. 

301. HygroBiGtora are instruments for 
measuring atmosphenc moiitare The one 
most generally used is the leet bulb hygrom- 
eter. Fig. 119, and consists of two thermom- 
eters, one of which shows the tempera- 
ture of the air. The bulb of the other ia 
covered with muglin, which is kept con- 
stantly moist by a string leading from it to 
a reservoir of water below. Evaporation 
takes place from the moistened bulb at a 
rate which depends upon tho dryness of the Wet B 
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; and \ij the coldness thus produced the mercury in the ther- 
3 correspondingly depressed. By comparing the differ- 
in the two thermometers at any time, and referring to a 
table, the qutintity of moisture in the atmospliere is ascertained. 

J, g lod 302 Daniell's Hygrometer, Tig 120 is 

a beautifil iDitrument for deteToinmn the 
dew point constructed on the principle of 
the cryoplioins The long limb enda in •* 
glass bulb S 1 alf filled w th ether into 
wh ch dips a imall thermometer The bilb 
I on the short limb la emity and covered 
■nith mnsln The timperature of the an 
IS shown by anotliertheimometer r ifhsed 
f to the stand of tl e inetrument "When an 
obfecivition IS to be made a little ether is 
poured upon the mishn md ds it evapo 
rates the temperdtnro ot the other bnlb be 
comes reduced. "Wlien it is sufliLiently c )ld 
ajBuitii 9 njgmincrer, ^^ eondense the moistnTO of the air, it will 
be covered with dew. The thermometer in the tube 5 shows at 
what temperature this deposition takes place, and of course gives 
the dew point. This instrument is more accurate than the former. 
The amount of moisture in the air of our artificially heated rooms 
is a matter of great importance to health, and the hygrometer is 
very valuable in enabling us to determine it. 

303, Volume and Density of Vapor. — Equal bulks of different 
liquids generate unequal volumes of vapor. Water yields a larger 
amount than any other liquid. "While a cubic inch of water ^ves 
1,694 inches of vapor, a cubic inch of alcohol yields 538, one of 
ether 298, and of oil of turpentine IS3. But the less the volume 
of vapor, of course the greater its density. "While 46,6 cubic 
inches of turpentine vapor weigh 68 grains, the same bulk of ether 
weighs 87, of alcohol 33, and of watery vapor but 9 grains. The 
density of vapor is increased, either by cold or pressure. The point 
at which its temperature cannot he further lowered without re- 
turning to the liquid state, ia called its maximum density. 

304. Its Elastic Force. — All vapors are elastic, and have a 
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tendency to A fFase theroselyes througli space, ezerting more or 
leas force aga nat any obstacle that res st their expansion This 
expansive force of vapors called the r elaSfic foive or temton. 
In the larometer i c 1 ma of mercu y 30 nches high la dnvea 
into the nba >v the pressure of tho a r (568). It, thereiore, re- 
quires a force ot 15 lis per sj e neh to press the mercury aJl 
out of the tuh If a I ttlo water he nt oduced under the bottom 
of such a tube, it rises to the surface ot the mercury, and in fie 
vaouura above eshales into vapor with a sutBeient force to presa 
the mereury down below its former level. But the amount of this 
elastic force depends upon the temperature: At 86° below fi-eezing, 
although the water is changed to ice, it still gives off a vapor of 
force sufficient to depress the mercury ^j of an inch ; at 36° it 
sinlts it \ of an inch ; at 80°, 1 inch ; at 179°, 15 inches ; and at 
212° the mercury is pressed entirely out of the tube, proving that 
the elastic force of the vapor at 213° or boiling point equals the 
atmospherio pressure. Different vapors have „ _ ,„ 

different degrees of elastic force. At 80° the 
vapor of alcohol depresses the column 2 inches, 
and that of ether 20 inches. 

305. As the temperature rises above 312°, 
the elastic force increases, and the boiling point 
becomes higher and higlier, as is proved by 
on apparatns called ' Marcet's Digester,' Fi|^ 
131. This consists of a small globe of iron lt 
brass, with three apertures, tJirough. one of 
which a thermometer is passed, air tight , 
through the second, a long glass tube, open at 
both ends, and reaching nearly to the bottom 
of the vessel ; while the third is furnished with 
a stopcock. To the tube is attached a it,ale 
divided into inches. Mercm-y is now poured 
in, sufficient to cover the end of tho tube, and the globe is half 
filled with water, in which the thermometer bulb is immersed. 
Upon applying heat with the itopeoek open, the water boils at 
312°, and the steam is driven out against the pressure of the at- 
mosphere. But if the stopcock be closed, the temperature begins 
to rise ; the steam being confined, its tension increases, and the 
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laeroury begins to be pressed up tiie tube. At 349.5° tKe mer- 
onrj will faave beea driven up 30 inolies, and tlie pressure ia equal- 
to an additional atmosphere; at 856.0°jtia equal to 10 atmospheres, 
and at 415.4° it is equal to 20. 

306. Steam. — It is well known that tho oxpansive force of heat, 
acting through tho Taper of water, is the impelling power of the 
steam engine. In low-pressure eegines, steam is used from below 
the pressure of the atmosphere up to 20 or 30 lbs. per square inch 
above it, while high-pressure engines employ steam of 70 or 80 
lbs. pressure to the iceh. It has been noticed that gases expand 
equally by equal additions of heat, the proportion being about ^^ 
part of their volume with eaeh degree of temperature. But with 
steam in contact with water and constantly generated, it is not tho 
case. With equal additions of heat, the expansion is more rapid 
at high temperatures than at low ones ; henoe there is an econ- 
omy of foi-ce in using high-pressure steam. With low pressure 
there is an economy of heat and fuel, but, as the steam, insteaiJ of 
being driven, out, is condensed into water, the necessary apparatus 
renders the engine complicated and cumbrous. Steam sepai-ated 
from water expands uniformly like gases, and may part with its 
additional heat without being condensed.. When it is thus sepa- 
rated, and receives an extra charge of heat, it is said to be miper- 
Jieated. At high temperatures, it is used to carbonize wood and 
-p,g -1^22 disorganize animal matter, which it 

does, by reducing the flesh to a fluid 
mass, the bones being separated in a 
state of powder. It miy he heated 
sufEoiently hot to melt lead. 

307. Distillation consists in vapor- 
izing a liquid hy heat in one vessel, 
. condensing it by co!d in another, 
Tig 123. The object may be either 
to separate a Equid from non-volatile 
substances dissolved in it, as in distil- 
ling water, to purify it from foreign 
ingredients, or to separate two liquids which evaporate at differ- 
ent temperatures, as alcohol and water. In the latter case, the 
filosaa! 308. What steam prBesures do different eneincB employ I How la Wgli- 
preteute englaeB! Wliat is snparliested eteun ! Wlmt la It used fbr t 3D7. Wiinl 
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heat 13 carried just high enough to vaporize the least volaiile 
liquid. The product of the process is cailed the disUUate. Whea 
Bohds are vaporized, the process is termed sublimation, and the, 
condensed vapor a suhlimate. 

308. Condensation of Gases. — When a gas loses heat enough to 
change it to a liquid or solid state, it is said to be eondenaed. Tho 
distinction between gases and vapoi's was formerlj supposed to he 
that the latter are condensifale into liquids, wbOe thefonner are not. 
But under the joint influence of pressuie and estreine cold, many 
gaaes once considered permanent have been reduced to liquids, and 
some even to the solid state. Dr. Fasadat effected this by a very 
simple method. He placed tlie materials from 

which the gas was to be generated in one end ^'^- ^^^ 

of a glass tube bent in the middle, which w. 
tlien hermetically sealed. Fig. 123. The e 
panding gas confined in so small a space o 
erted a trernendoua pressure, the force of which 
condensed a portion, of it into a liquid in the 
other end of the tube, which was immersed in a freezing mixture 
to facilitate tho process. By this method, and at a temperature of 
— 166°, he succeeded in liquefying carbonic acid 1 1 m amm a, 
and several other gases. More recently M. K b r, f V na, 
applied a cold of - 220" and a pressure of 3,000 ph but 

some of the gases, as oxygen, hydrogen, nitrog b de, 

refused to liquety, e^'en under this treinendo f I p- 

posed, however, that, under the proper cond f 1 1 nd 

pressure, hU gases could be made to assome the liquid oi the solid 
state. 

309. Radiant Heat is a branch of thermotins usually treated ia 
this connection ; but it is a mode of action so closely linked with 
light, that we shall obtain, a clearer view of its nature by con- 
sidering them together. This will be especially proper, as a chief 
purpose in treating of the forces is to bring out the idea of their 

,e connections and correlations. 
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CHAPTER V. 

LIGHT-THK RADIANT FORCES. 

§1 Movements of Light. 

310. 1:1 its common, restrietBd meaning, light i-i tliat agent 
which, acting on the eye, produces Tiaion, and the general laws 
of its moTement belong to optics. But science has shown that 
the solar roy, instead of being simple, is a sheaf of diverse forces 
which produce the most extensive and varied changes, physical 
and chemical, upon the surface of the earth. These effects, though 
of different kinds and differently named, are all due to one mode 
of action ; they have a common esplanatioa, and hence require io 
be considered together. Light is called a radiant force, because 
it moves ia rays ; other forces, moving in. the same manner, are 
also called radiants or radiations. 

311. Decrease of Intanalty.— Light moves in straight lines, and 
ia all directions ft-om the point of emission. As it radiates away, 

it diminishes in intensity as the square of the dis- 

Fia. iM. tance from the point of emission ; that is, at a 

distance of two feet the light will be four times 

ts intense than at one foot ; at three feet it has 

t one ninth the intensity, as shown in Fig. 124, 

1 where the upper figures represent the distances, 

DocreaBing Intensity, ^nd the lower ones the corresponding intensities. 

It has been proved in various ways that this force 

moves through space with the velocity of 192,000 miles per second. 

312. How Light is Received.— When it falls upon bodies, it is 
either thrown back from them (reflected), extinguished by them 
(absorbed), or passed through them (transmitted). Those which 
transmit it, as air and water, ai'e termed (ransparewf; those which 
admit it only partially, as rough glass, or oiled paper, are called 
translucent^ while those which refuse to transmit it are said to be 
opaque. We can see objects through a transparent substance, but 

notign of light? How is It rt«arfled ty Science ! To what are tlie efifecta due I 
"Wbat are radisnt foroeal 311. At wSat rate doea light diminish fn Intonsltyr 
What iB its TCloeity 1 312. How dolioaiea i-ecEito Ueht! What la transparenoy? 
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only light through a translnceiit ono. The body traversed by light 
33 called a medium. JTo medium ia perfectly transparent; even 
the pureat air absorbs a portion of the light in its passage through 
it. Nor are any substances absolutely opaque ; even gold in thin 
films transmits a greenish light. 

313. Heflectton.— When a ray of light strikes perpendicularly, 
or at right angles upon a polished ^rfaoe, ^^^ ^^ 

as at a h, Fig, 125, it is thrown back ii 
aotly the same line; hut if it fall 
liquely, it is reflected obliquely, as is sb 
by the arrows. The angle of rebound is 
equal to the angle of striking, or, as it is , 
commonly expressed, the angle of refleo- 
tion is equal to the angle of incidence. 

314. Refcaetion.— When light passes from one medium to an- 
other of a different density, as from air to water, it is liable to he 
tomedout of its straight direction. If its course be p^_, ,^„ 
pei-pendicular, as ah. Fig. 120, it will not be divert- t 
ed ; hut if it fall obliquely, as at e d, it will be re- 
fracted, and proceed to e. If the refracting me- 
dium have parallel surfaces, the ray on leaving it is 
again bent back to its original course, as is seen in 
the figure. For this reason, common window panes, 
which consist of plates of glass with parallel sur- 
faces, produce no distortion in the appearance of 
objects seen through them. If we partly immerse a stick in water, 
it will seem bent or broken at the point of entrance, owing to tlie 
rays from the immersed portion being refracted as they pass from 
the water to the air. The refracting power varies in different 
substances, generally increasing withtheirdensity. It, therefore, 
forms one of the distinguisliing properties of bodies, and is fre- 
quently used as a test of chemical purity, as in detecting tlie adul- 
teration of essential oils, when other modes would prove iusuffi- 

315. The Analysis of Iiight. — By the^rism — a triangular piece 
of glass, or other transparent substance — the sheaf of rays is un- 

TransluMncy? Opacity! A nieaium) aiS. By what !aw ia light reflected! 
S14. What is refVaolion ! What causes the broken appearance of an oarto water? 
B15. now is liglit aUBoted hy tha prism! Wliat is the spoolrum! What ie the 
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bound, and BpretuJ out before us. A beam of solai- light pass- 
ing tlirougb such a prism, Tig. 13T, is refracted by it, and pro- 
duces an oblong colored image 
called the solar spectrum. It is 
, nsually consideied to comprise 
the seven colors enumerated 
in the accompanying diagram. 
White light is, therefore, held 
to be a compound oonaisting of 
these "colored lights, which are 
only separated by, the prism. 
Each color lias its own peculiar refrangibility, or degree of di- 
vergence fi'om tlie original source, the red being least refracted, 
and the i!iolet most. The sepnratioa of the colors in the spectrum 
is called dispeTsion, and transparent substances differ much in this 
power. A hollow glass prism filled witli oil of casisia gives a epec- 
tj'um (I), Fig. 128, more than twice the length of that produced by 
flint glass (3). 



it Light. 




The letters correspond to certain flnedaric lines which cross the spec- 
trum and serve as its permanent landmarks. These lines are lienoe 
more separated in the highly dispersed spectrum (1) than in (3.) 

316, The separate colors cannot he again decomposed; hence 
they are called ynmary. Newton, who first decomposed the ray, 
assumed that there are seven ; Brewster holds to three primaries — 
red, yellow, and blue, the remaining coloi-a being compounded of 
these. HEESonEL says any three colors of t!ie spectrum may he 
tatea as primary, and all the others compounded from them by 
the addition of white ; while Prof. Baden Powell remarks, ' The 
fact m, the number of primai'y rays is not really seven, but inflnite.' 

BeparatlonofcoloKlntlie spectrum called J What is the e*ot of tliBoil.or-caBaIil 
priaml 318, Why are the colotH called primary! WhalwaflNKWios's viowof 
theconatltutioaoftheepectFumt EnSTSiiiD's? Heescuel's! Eaden FonEi-L'sI 
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§ n. The W<me Theory. 

317. The old Jiypotheaia of liglit assumed it to consist of moving 
particles, or corpuscles, shot from the luminous source, which pass 
through transparent bodies, rebound from refiecting surfaces, and 
entering the eye, produce vision by striking against the optic nerve. 
But the luminous ray produces a variety of effects — heat and chem- 
ical force as well as light, with various kinds and gradations of ' 
each, and the foregoing explanation is profoundly insufficient to ac- 
count for all theae complex and wonderful phenomena. Evidently 
there is but one principle of action among all the forces of the 
ray : the key to light and color must also unlock tlie mystery of the 
thermal and chemical radiations. "We have this esplauatioa in the 
MOiie theory of light. 

318. MotionofSoutti— Sound is a radiation; it proceeds rap- 
idly in straight lines in all directions from the point of emission ; 
is reflected and refracted according to the same laws which govern 
the other radiant forces, and may be passed through lenses and 
Conveyed to focal points like light. But sound is proved to be a 
motion of waves or undulations transmitted through the air. Here 
then is a principle of nature employed to produce the kinds of ef- 
fect with which we are dealing. 

319. Wave Mbtiona.— With these wo are all familiar. If 
one estremity of a long 
cord, Fig. 139, be briskly 
moved up and down, | 
wave-like motions i 
rapidly from one end to 
the other. The pai ti- 
des which compose tlie cord do not advance; they only move 
fl-om side to aide ; the undulatory motion alone flows on. If we 
toK a stone into still water, waves arise at the point of disturbance, 
and pursue each other in rapidly extending circles ; there is no 
current; light objeota are not drifted forward ; the water particles 
only rise and fall while the wave progi-esses. By wave length is 
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here meant the diatauce from tlie crest of one wave to that of the 
next, or from Uep'ression to deprossioo, ag from a 
^'"' ^^* to 5, Pig. 1&%- or fi-om ctod. 

ft^ ^^k. 320. Sound Waves.— So also a Vibrating so- 
^^^ ^^^^W noronB hody, aa a hell, throws the aerial particles 
■WaTel^nRth ''^'° agitation, and the nndnlations seat through 
the air breaking upon the nerves of hearing, the 
effect is transmitted to the brain as sound. A ha p t ng ft 
ample, is vibrated, and as it advances, it crowds to e 1 e o 
denaes the ail" particlea before it ; as it retreat the a p t les 
behind it separate more widely, snd a rarefa t on o s S ~ 
vancing again, another condensation is prodii d and a^a n 
treating, there is another rarefaction. A oonden at o and a a 
faction constitute a soundwave — its length being the distance fiom 
the centre of one condensation to the centre of the nest, or from 
the centre of one rarefaction to that of the nest. These pulses are 
propagated through the air at the rate of 1,100 feet per second. 

331. It is marvellous how slight aa impulio thiowa a Mst 
amount of matter into tremulous motion. We may easilv hear 
the song of a little bird 500 feet above us ; but hefoie that note 
could have travelled to our cars, it must haie filled with wave 
pulsations a sphere of air 1,000 feet in diametei, oi have thiown 
into agitation nearly 18 tons of atmospheric gases * 

322. The jpiicA of sound depends upon f requeue j of vihiationa. 
The quicker a string vibrates, the more rapidly will the pulses fol- 
low each other ; the shorter will be the wave, and the higher the 
fioaiid. Hence, the violinist, to produce a higher note, shortens 
ttie string by pressing his finger upon it. Shrill notes are caused 
By rapid vibrations, while the low notes result from those which 
'are slower. The lowest note of a 7-octave piano is made by 33 
vibrations per second; the highest by 7,680, while each interrae- 
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diate note baa its fixed number. Intensity or loudness of tone de- 
pends upon tbe intensity witb ■wbicb the air is efruok by the vi- 
brating body, or the amplitude of the escur 
siona of tbe vibi'ating partides. A string 
that swings from a to 6, Fig 131 will pro p 

6uce ft louder sound than if vibrating d> . 
ferther than c, though the pittb will be in g ^^^ i^^^^ ^^ 
both cases tbe same. 

323. Ether. — Now the radiant forces are believed to be all 
propagated by undulatory motions ; but motions in what 3 Sound 
baa its medium — the air ; and the sound rays cannot cross a' vac- 
uum, as there is nothing to convey them. But heat, light, and the 
chemical force dart through, the most perfect vacuum we can pro- 
duce, and traverse in all directions tbe interstellar spaces. There 
must be something throughout these spaces to transmit the mo- 
tion. The wave theory of light assumes the existence of a univer- 
sal ether — an infinitely rare and elastic medium which ia diffused 
through nature, pervading even the most solid bodies. It con- 
nects atom with atom and star with star. Through this universal 
medium — the dynamic bond of nature — waves are sent with a velo- 
city far exceeding those of sound. 

324. It is objected to this idea of ether that it is a pure crea- 
tion of fancy, like caJoric and phlogiston {579), It is urged that 
as we know the forces only as manifested in matter, and as a 
perfect vacuum has never been produced, it is better to assume 
that some form of aetwal matter is univeraal, and that the wave 
motions take place in that. But it is after all very much a ques- 
tion of terms. Both views assume a universal medium capable of 
transmitting undulatory motions ; one calls it material, and the 
other ethereal. Ether is not held to he forte, but only the medium 
for representing those motions by which force is transmitted. 
One ether suffices for all the forces, and thus by introducing the 
idea of unitj/ In their modes of action, we are prepared to com- 
prehend their mutual relations. "While tbe theory of ether may 
be objected to on some grounds, yet it is a vast advance on former 

WliB-tUsaidoftLo piano? ■iThal Is Intensity 7 How illiuttated ? S23, "Wliat ia 

Describe tho other. lis use a. 324. Wliat objection is mnde to etlierl Wliat iias 
lobs aaaunica at any rato! . Wbal la etlier held to ba I What la gaineij by the 
conception t What has an eminent authority remarkea, and why ( 325. How la 
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ideas, nnd so conibinea and espiains a imiftitnde of facts which 
cannot he otherwise accounted, for, that an eminent authority has 
remarked, ' If it is not true, it deserves to he ! ' 

326. Cause of Oolora. — According to this view, light is trans- 
mitted by ethereal undulations just aa sound is by those of the 
atinosphere ; with only this difference, that while the air particles 
move haokwavd and forward in the same direction as the advan- 
cing wave (normal vibrations), the ethereal particles move across 
the course of the wave (traTisJierse i>ibraiions). Tlins the spec- 
trum is to the eye what the gamut ia to the ear. Aa the pitch of 
sound depends iipou the leagth of the air wave, so the color of 
light depends upon the length of the ethereal wave ; and as loud- 
ness of sound depends upon the extent of the swing of air parti- 
cles, so the brightness or intensity of color resnlts from tlie ostent 
of the excursions of the ethereal particles. 

336. By several refined methods which cannot he detailed 
here, the lengths of the ethereal waves upon which colors 
depend have been rigorously established. The motions which 
produce red are slower, and the undulations longer than those 
which produce violet. It is found that 89,000 waves of red light 
would measure an inch, while 57,500 waves of violet light would 
fill the same space. The other colors are intennediate, their num- 
ber of waves increasing gradually from red to violet. As light 
moves 192,000 miles per second, that length of ray streams into 
the eye each second. If this distance be reduced to inches, and 
the pi-oduct be multiplied by 89,000, we shall have the number of 
waves which beat against the retina each second, when we look 
upon a red color. If the same product is multipled by 57,600, we 
get the number of pulses per second which strike the retina when 
looking upon a violet color. If asmgle second of time be divided 
into a million of equal parts, a wave of violet light trembles or 
pulsates in that incredibly short itfterval, 727,000,000 times I If 
these results seem incredible, we should remember that we are 
deding with the resources of the Infinite. In treating of atoms 
we saw the minuteness of the scale upon which nature divides her 
spaces, and here we have her corresponding infinitesimal scale of 
time and force. 

lliu motion of light espinlneil ) Difference tetwcen liglit ond Bound motionsf To 
what Is the Bpeolriim compsred? Upon what do color and Mghtiiees depend! 
3Se. What are Iho Jonglin of tho red and violet wavM I ■What La Iho velocity of 
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327. It, IS necehsarj- to distinguisli between vibrations and 
undulations the former take pljce among the atoms in all kinds 
of matter, the lattei only in the transmitting medium. In the 
OflBe of sound, Uie ■vibrations of a sonorous body produce nndula- 
tiona in the air, which, when falling upon other bodies, may set 
them also to vibrating tJo the Tibralion of atoms in a flame, 
produces undulations in the ethei , those are transmitted to the 
nerve of \ ision and, breaking against it, throw its atoms into the 
vibrations which produce s^ht 

328. The nerves ol liearing can be acted upon only by a cer- 
tain range of air pulsations Theie are air waves which fell upon 
the ear m regular recuiience, but esert no sensation; they ore 
either too slow or too fjat It is probable that the hearing organs 
of different animals have still diflerent ranges of sensibility, per- 
ceiving sounds which are too high or too low for the human oar. 
Just so with the ethereal nndulations ; the nerve of the eye is 
adapted to a certain range of pulsations, and waves too alow ov 
too rapid do not awaken the sensation of light. 

329. The colored spectrum. Fig. 12T, embraces the range of 
ethereal undulations which produce luminous effects : below it 
are waves too slow to act npon the eye, while above it they are 
pitched too high. "We shall soon refer to still more remarkable 
analogies between sound and light. But it is really no more ex- 
traordinary that myriads of ethereal waves beating incessantly 
npon the retina, should awaken the sensation of vision, than, that a 
storm of air waves pouring upon the ear, perhaps from a hnndred 
instramenta at once, should give us the experience of music. 
Nature produces the most varied results by the simplest means ; 
convoying to us harmony and beauty— the anthem and the land- 
scape by the same method. 

§ III. Thermal RadiaUons. 

330. Heat is associated with light; it moves with the same 
remarkable velocity ; is weakened by diffusion at the same rate, 
and is reflected, absorbed, transmitted, and refracted by vai-ious 
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bodiea ia accordance with the same laws aa light. When thus 
moving, it is called vadicmt heat. 

331. ZiUmmouB and Obscure Heat. — Radiant heftt is of two 
kinds; that which accompanies light is called ZiiwiJWHa heat ; that 
which ia emitted from dark bodies, as a stOYe below redness, is 
termed uSscu^'e heat. That dart 
radiations of heat obey the 
aamo laws of motion as light, 
_ may he proved by placing a 
rm iron ball, c, Pig. 132, 
opposite the thermo-electric 
pile p, the corneal reflector be- 
ing turned away, so that no di- 
rect heat con roach it from the 
ball. A bright tm screen, w n, 
is then so placed that tlie angle made bj the mcident beat from 
the ball shall be tlie same as that reflected from the ti i surface 
which strikes the pile. The moment the screen 
is placed ia position, the neelle of the galva- 
nometer starts, showing that reflection has taken 
phee 

332. Thermal Spectrum.— When a ray of light 
3 dei,ompngi>d by the prism, it is found that the 

belt 13 refracted like light, and is distributed 
through the colors, iDnt the refrangibility is lower, 
and dark heat ia therefore found below the red 
ray The thermal spectrum was first traced by 
Sir John Herschcl, and found to have the out- 
line represented in. Fig. 133, its lower part being 
curiously fliscontinuous. 

333. Bow Radiation tabes place.— We can 
^ now ei;plain thermal radiation in harmony with 

the later views of the nature of this force. As 
heat consists in the vibration of the particles of common matter, 
this motion is coimnunioated to the ether in which they are im- 
mersed, and propagated through it exactly in the manner of light. 
The ethereal pulsations, striking against other substances, increase 
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tho vibration, of tteir particles, and thus heat them. As a body 
cools, it losea atomic motion.-— the ether transmits this motion, and 
other bodies acquiring it are thereby warmed. 

334. Exchanges of Heat. — All bodies, though at e. hundred de- 
grees below zero, contain, some beat ; that is, their atoms aro all 
in Tibration, though at varying rates. This motion must bo com- 
municated to the ether, so that all bodies radiate heat at all timea, 
and are hence constantly exchanging it ivith each other. If a can- 
non ball at 1000° bo placed beside another at 100°, it parts with 
its own motion rapidly to the other, aa illustrated by the radiant 




lines, Fig 134 But the ball at 100° also radiates its motion, 
though more slowly, thus returning nportion to the hotter ball ; and 
if a hall of lee were added, 
the same tiling would take 
place, only iu a feebler de- 
gree. If a body reeeives 
motion faster than it com- 
municates it, its tempera- 
ture rises ; if tho reverse, 
it cools, and if the ex- 
changes are equal, there is 
equilibrium, or a uniform 
temperature. Hence, other 
things being equal, the rate ' 
of radiation depends upon 
temperature, 

33S. Inflaence of the 
Surface. — But thermal ra- 
diation is also influenced by surface. In Fig. 
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onbical vessel of pewter with one of its sides coated with a layer of 
gold, a second with silver, a third with copper, and a fourth with 
varnish. The vessel is then filled vrith hot water, and placed at a 
little distJince from the thermometric pile p. "When, llie hot gold 
surface is turned to the pile, scarcely a trace of effect is oheerved, 
and so with the copper and silver ; but when the varnished sur- 
face ia brought round, a stream of heat stiilces the pile, and the 
needle is driven round against its stops. The condition of the sur- 
face also influences radiation— rough, uneven surfaces being more 
active than bright polished ones; hence, if the metal is covered 
with woollen or velvet, its radiant power is increased. Bright 
metallic vessels, therefore, retain the heat much longer than those 
which are tarnished. 

336. Absorplioiir— Good radiators are good absorhers of heat ; 
that is, the surfaces which can easily CMnmunioate motion to the 
ether are equally capable of accepting it from the ether. On the 
contrary, a had radiator, as a bright metallic surface, is a bad 
absorber, and therefore a good reflector. Hence, the thinnest 
metallic film npon a surface powerfully protects it from the action 
of radiant heat. 

337. As bodies differ widely in their atomic condition, it is not 
to be expected that they will all act alike upon the ether ; some 
wiU communicate more motion than others. This explains the dif- 
ferent radiating aiid absorbing action of bodies. Atoms vibrating 
singly cannot impress as much motion npon the ether as vibrating 
groups, or systems of atoms. The atoms of the elements — gold, 
silver, copper — vibrate singly, and disturb the ether hut slightly; 
■while those of varnish, flannel, or velvet oscillate in masses, and 
transmit an increased amoimt of motion. 

333. Influencs of Color. — According to IMJelloni, color eserts 
no influence upon the radiant power of surfaces ; white, black, 
and red radiating alike, so that aa regards the loss of heat from this 
source, the color of our clothes is of no importance. On the con- 
trary, color powerfully infiiienees the absorption of luminous heat. 
Dr. Fbankun spread differently colore 1 p eoes of cloth upon the 
snow in the sunshine. The llacl sunk f rthest thit s melted 
most snow, and, of course rece ved most heat The hi e piece 

ndi:itota 1 The purest IS36H radonnaaartne ited I 
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gunk to a ss d p h h mi <ind the wliite hardly at 

all. Hen e b a ng w ts melting may be 

hastened. Da k n ng a h efore, equivalent to 

moving it f h and !i m eason, black clothea 

absorb mo s ar li 

339. Hew. — When the radiation of bodies is not compensated, 
their motion is gradually spent upon the ether, and tlieir temper- 
ature sinks. Such is the case with objects exposed to the sky on. 
clear nights. If good radiators, they rapidly lose heat, and, cool- 
ing below the temperature of the air, at leogth begin to condense 
its moisture upon their surfaces ; this is dew. Tiie beat radiators, 
as grass, leaYes of trees, and porous soils, receive the most dew, 
while poor radiators, as smooth stones, and hard compact soils, 
remtun almost dry. Clouds radiate hack the heat received from the 
earth, so that cloudy nights are warm and dewless. If the tempera^ 
turewnkslowerthan83'',themoisture is frozen, and becomes frost. 

340. Transmission and Destmctloa of Waves.^— An opaque 
body destroys the luminous waves which fall upon it, while a 
transparent one permits them to glide through between the atoms 
without interference. But there are bodies which destroy some 
of the waves and allow others to pass. If a piece of red glass be 
placed between the prism and the spectrum, it stops the blue rays and 
transmits only the red, that is, it cuts down the more minute waves, 
and gives passage only to the larger. If blue glass be used, there 
is a reverse effect, the red waves being extinguished, and the blue 
alone transmitted. Both glasses are transparent, yet if placed' 
together in the path of the rays, they are as opaque as a plate of 
iron ; efloh destroying what the other transmits. If a solution of 
permanganate of potash be used in the same way, it destroys the 
central waves of the spectrum, leaving the colors of the extremi- 
ties with a jet-black space between, 

341. Diathormancy.— This is also the case with the heat rays; 
they are of different kinds, like the colors of light, and are arrested 
and transmitted differently by different substances. Bodies which 
transmit heat freely are oalled diathermic ; those which wrest it, 
atltermic. Eock salt (common salt in blocks) is the most perfect 

tlonS AbsorptlonI S39. How does dew depend upon mdlation T 340. What ia 
tbe efleet of red gloes upoa tbo decompoeed nsveel Of blue? Of both! 0( 
BOlntloD of permangsnate of polaali ! Ul. Wbat ore dlatbermio bodies 1 Ather- 
nlol' What are the piopertLea of rook salt) WhatliaaltbeeDlennsdt Wbatli 
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diathermic bodj-j allowing all the heat rays— thoao from the son 
. J, -„ and the hand to pass through with 

equal f 

a plate of rock salt is to heat, 

it has hence been aptly termed 

is of heat ' This substance 

fl therefore adapted to make pris 

d lenses for the concentration and 
dispersion of dark heat. If a heated 
I between a plate of 
gfass and one of rock «alt, Fig. 188, 
and bits of pho&pbonia be liid upon stands beyond, though the 
Fio IBT ^^* ^^ ™aDJ times thicker than the glass, the 

daik lieit passes freely through it, igniting the 
phoiphorus, while it is quite arrested by the 
In the sime way a thm film of water 
will ibsorb the obscure heat, while liquid bisul- 
phidi- of caibon will transmit it The relations 
of difieient substances to the radiants are repre- 
sented in the fignres. The dotted arrows represent 
light ; the broken arrows, luminous beat, and the 
whole, or dark arrows, dark heat. If the plate 
of salt bo smoked, it becomes opaque to light, 
but the heat still passes, while plates of trans- 
parent alum are opaque to obscure heat, and 
almost impervious to luminous heat. 

342. Slftins the Rays.— We have said that 
the sunbeam is a bundle of heterogenous radia- 
tions, and that the prism spreads them out into 
a spootrum, thermal at one end, chemical at tlie 
other, and luminous in the centre. The same 
thing holds true of all sources of heat, luminous 
and obscure — they emit rays of different quali- 
ties. When the mised rays from any source are 
passed through a plate, a certain portion of them 
is stopped, and another portion transmitted. 
But if the rays which have passed are made to 
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fall upon a second similar plato, a mudi larger proportion will be 
transmitted than wont tlirough the first. The first plate sifted 
the ray, and the purified beam is better fitted to penetrate another 
similar plate. For oiample, a plats of alum stopped 61 per cent, 
of the heat rays, transmitting but 9 ; while n second alum plate 
transmitted 00 per cent, of the sifted rays, stopping hut 10. 

343. This principle explains the fact that glass readily trans- 
mits solar heat, while it stops the heat from a red-hot caanon ball 
in large quantities, The rays of the aan in coming through the 
atmosphere are strained of the rays which wonld he stopped by 
glass, so that the altered beam passes our windows without loss. 

344. Absorption of Heat by Oases. — Some new and highly in- 
teresting results have been lately arrived at by Prof. Tyhdall on 
the relations of radiant heat to gases. The instrument he em- 
ployed consisted of a hollow tin cylinder, A B, Fig. 141, four feet 




AlHiaiptloii. 

Jong and three inches in diameter. This is closed by caps contain- 
ing plates of the purest rock salt, which are screwed air tight 
upon its ends. The upper stopcock, 0, connects the cylinder with 
an air pump by which it may he exhausted, and throagh the lower 
stopcock, C, air or any other gas may be admitted. The bent 
tube, U, contains fragments of pnmioe atone, moistened with 
caustic potash, to absorb carbonic acid from the entering air ; and 



8 stoppaill 344 C 
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U' contains pieces moistened with sulphuric acid, to absorb wa- 
tery Tapor, At one end of the cylinder is placed tte thenno- 
el&ctrio pile, with wires leading to tlie galvanometer, and at the 
other a cube, 0, filled with hot water ; while a tin screen, T, cuts 
off and admits the rays, 

345. Fure Air Diathermic. — If the oylinder be exhausted, and 
the screen withdrawn, heat enters, and traversing the vacuum, 
falls upon the pile without any loss ; none of it is absorbed on the 
way. If now the cock 0' be turned, and purified air be allowed to 
enter and flJl the cylinder, there is no motion of the needle ; the 
air arrests none of the heat. ' Its atoms are apparently incompe- 
tent to shatter a single calorific wave : it is a practical vacuum as 
regards the rays of heat.' By a modiScation of the apparatus far 
more delicate, and after thousands of experhnents. Prof. Tyndali. 
found that dry air did exert a alight influence, deflecting the needle 
about one degree. Pure oxygon, hydrogen, and nitrogen behava 
like air, being almost neutral. 

3d6. Influence of Oompound Gases.— If now compound gases 
are introduced into the cylinder, a remarkable effect appears. 
Olefiant gas, which is just as transparent as the air, arrests four 
fifths of the rays of heat. Pure, transparent ammonia is still 
more impenutrable, and arrests the heat as if the cylinder were 
filled with ink or piteh, Tho same effect is produced if only a 
small proportion of these gases is mingled with the air of the 
cylmder. To such an extent is this true that it has been affirmed 
that the ammonia escaping from a bottle of hartshorn by a single 
act of inhalation, wiU exert a more potent action on radiant heat 
than the whole body of osygen and nitrogen in the apartment. 
Some bits of paper were muistened and placed in tube"*, so that 
the entering air carried with it a faint trace of odor. The effect 
was marvellous ; the aromatic vapor struct down tho beat rays in 
crowds. The exhalation of bergamot arrested 44 times as much 
heat as the air ; that of lemon, 65 times ; and of aniseed, 373 times. 
The absorbent power of the following gases is represented by the 
accompanying numbers : air, 1 ; osygen, 1 ; nitrogen, 1 ; hydrogen, 
1; chlorine, 39; carbonic acid, 00; olefiant gas, 97; ammonia, 1,185. 
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347. The same explanation applies liere as in the former case 
{337). We saw that in solids, single atoms, or tlie atoma of ele- 
ments, coDimunioated fieir motion to the ether in a very imperfect 
manner, while compound groups produced more powerftil effects. 
The Barae general fact now appears under totally different circum- 
stances. The atoms are no longer embarrassed hy cohesion ; their 
movements are perfectly fi'ee, yet here again die elements oxygen, 
hydrogen, and nitrogen can only act upon the ether in the feeblest 
degree, while those of the componnd gases which move in massive 
gronps, are thrown into powerful vibration by the ethereal waves, 
and react upon them with corresponding energy. Prof. Tysvaja, 
remarks that oxygen hydrogen and nitrogen swing in the ether 
with hardly any loss fm f thjb tl m Itn 
tn the compound ga- th t m tl yl d turm g m t 
does to a paddle wh 1 

348. Invisible ra th I m th f 1 g h 
atomic constitntion f b d Wh 1 h t p 11 f,l m 
men osjgen without bgt ptd hhbt 
other form of osyg rrt 1 PP ftLk ra 
pound gases ; we th f nf th t t t g d 
groups. Lampblack II t di t d th h 
element, yet it is a 11 t p d b h h h 
atoms are probably g p d t mpl m 1 I 

349. Absorption f H t by Aque us V p — Th 

are not only interesti gmtlml bttth m mpt 
anoe in the economy of nature. Aqueous vapor is highly opaque 
to the dark radiations. Where the atmospheric gases arrest on o ray 
of obscure heat, the small proportion of watery vapor contained 
in the air strikes down sixty or seventy rays. Luminous solar 
heat penetrates the air, and faJling upon the earth, is changed into 
obscure heat, which cannot be radiated hack into space. The 
watery vapor is thus the ' barb ' of the atmosphere n hich pre- 
vents the escape of the heat, and thus maintains the temperature 
of the earth. It follows that if aqueous vapor were withdrawn 
from the air, the terrestrial heat would so quickly radiate away, 
that the earth wonld soon become uninhabitable ; the invisible 
watery element of the air is, therefore, the blanket which keeps 

To wliat aro tlie differeat atoms in tba ether oompai'ed ? 348. "What work do die 
■ra ? S49. What is the relation of aquooua vapor to obaoure 
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the world warm. In all those localities where the atmosphere is 
dry^ the nightly loss of radiant heat ia great, so that even in the 
burning desert of Sahara there ia nocturnal freezing, 

350. The ann's rays fall with intense power npon the saowy 
summits of high mountains, hut their ice never melts. Travellers 
testify that tlioy have never suffered move from solar heat thaa 
wlien wadiag waist deep in, the snows of Alpine mountains. But 
there is so little aqueous yapor in the higher atmospheric regions, 
that theheat escapes as fast as it ia received, and thus high moun- 
tains are powerful oondonsera of the vapor which is brought by the 
air currents from below (5T4). ' Water in all its forms is so active 
a radiator, that it must play a most important part in this moun- 
tainous condensation. As vapor it pours its heat into space, 
and pi'omotes condensation ; as liciuid it pours its heat into space, 
and promotes congelation ; as snow it pours its heat into space, 
and thus converts the surfaces npon which it falls, into more pow- 
erful condensers than they would otherwise be. Of the numerous 
wonderful properties of water, not the least importaat is this 
extraordinary power of dischai-ging the motion of heat npon ths 
interstellar ether 1 ' — (Tymdall.) 

§ TV. Interfermce of the Radiants 

351. Interference of Waves.— Wien two sets of waves upon 
water are made to flow together, two effects may take pbce It 

the wavei coincide, tint is, if 
ridge couesponds to ridge and 
furrow to tuirow, then height 
will be %ni,Tea»ed, but if the 

1 ridgeof one corresponds with the 
trough of another they will )ie« 

' tral^e each othei and the water 
become stiO This la called in^ 
terferenoe If one of the s^ stems 
be retarded a whole wave length, 
or any number of whole wave 
lengths, there will still be no interference ; but if one be retard- 

Hpon higli niouiilainfl} Why dooa not tho mow melt T Wimlla the effect of the 
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ed half a wave length, one and a half, or two and a half, the 
hills will neutralize the hollows, and interference produce rest. 
Those effects may be shown, hy dropping two stones into still wa- 
ter near each other at the same moment. Two seta of oonoentrio 
waves are formed, Fig. 142, and where their circles intersect each 
other and their crests coincide, the motion is heightened ; but where 
creat coincideswithdepression,theirmotionsare mutual! y destroyed. 

3B2. Again, two stretched strings, or two tuning forks, may 
be so aiTanged, that, wheu simultaneoiisly sti-uck, they do not 
give forth a continuous sound ; hut there is produced a series of 
sounds, alternating with a aeries of silences. For a moment the 
sound inoreaaea, then dies away and ceases, then again swells 
forth and declines, and so continues until the strings or the forks 
ceaae vibrating. During the pauses of silence, there is still rapid 
vibration, so it is certain tbat the sounds are eatingnished by 
interference of their waves. 

353. InterferenoB of Light.— If a beam of colored light be ad- 
mitted into a dark room by two pinholes made near each other 
in ft thin sheet of metal, and be made to fall upon a screen at a 
short diataaco, the riya intersect ^^^ ^^^ 

each other, and a series of dark 
bands alternating with bright i 
stripes will be formed upon the c 
screen by interference of tho ray ^ 
from the two orifices. In Fi^- 
148, a f represent the two pin- ^ 
holea, and e d ei a portion of tlie 
screen, c g being a line joining 

the two surfaces at right angles, , , 

,, . InScrference of Liglt. 

and midway between the pra- 

holes. The rays, ac,fc, paaa through equal paths ; their waves 
coincide at e, and, heightening each other's effect, a bright band 
is produced at c ; a d^fd will differ by the length of one wave, 
a e,f e by the length of two waves, and a 6, / Zi by the length 
of three waves ; hence, there will be also bright bands at d, e, 
and h. But the rays from the two orifices, meeting at 1, 3, 3, dif- 
fer in length successively by half n wave, a wave and a half, and 
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two waves and a Salt, and by thna inteifericg, extinguish each 
other and pioduce daikneis As the riys which raeet at c are 
equdl, it IS obvious that all the othti iiys coming from a are 
lengthened and all Others coming fiom / are shortened. As this 
varidtion of lengtb. is gradual Iheie will be a gradnal passage 
from the brightest light to (.omilete daikness. This effect ia ex- 
hibited by the shaded portion of the diagram. If the light fi'om 
one aperture is intercepted, all the dark bands disappear. 

354. The multiplicity of these remarkable phenomena is proof 
of the extent to which wave motion is employed in nature. Thus 
we have seen that motion added to motion produces rest ; that 
sound added to sound produces silence ; that light added to light 
produces darkness; and it has also been proved that heat added to 
heat produces cold, and chemical energy added to chemical energy 
produces inaction : in other words, there may be interference of 
the theiTaal and chemical radiations just as of hght and sound. 



V 



§ V. Polarisation of Light. 






^ ^^ 



355. When light is reflected at 
certain angles from the surface of 
glass, water, marble, polished wood, 
&c., a portion of it undergoes a re- 
murkable change. Although taiing 
place all ai'ound ns oonstantly, we do 
not perceive it, but it may be de- 
tected in various ways. Two plates 
of glass are blackened on one side so 
as to have but a single reflecting sur- 
iace, and then placed as shown in 
Jig 144, n, 5, with their edges tow- 
aid the eye. A ray of common light 
falling upon a in the dhection of the 
ariow is reflected, and, upon being 
tliiown upon S, is again reflected. 
The ray is changed at a, as the al- 
tcied structure of the line shows, but 
thu effect is not apparent. ' If now 

it happens wtcn light Ea 
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S, or the second plate, is turned a quarter round, its angle with 
the ray being preserved, refleotioa oeases, and the beam is estin- 
guiahed. Fig. 145. Taming it another quarter round. Fig. 143, 
the ray is again reflected; and still another quarter resolution, 
Fig. 147, briuga it .on the opposite side to Fig. 145, and again 
extinguishes it. The beam may be reflected from surface to sur- 
face any number of times in the same plane; but it has lost the 
ability of being reflected hi planes at right angles to that plaue, 
while common light may be reflected in all directions. It thns 
appears tlat the ray has acquired different propei'ties on different 
sidei. From its analogy to magnetic polarity, this change is called 
polaritation, and the ray thus affected is said to be polarised. 
The angle at which the ray falls npoa the polarizing surface is 
called tlie polarizmg angle, and differs in different substances ; for 
glass, it is 56° 45', while for water it is 63" 11'. 

356. Polarizing by Transmission. — Light transmitted obliquely 
through a bundle of tliin glaw plates, Fig. ^^^ ^^^ 

148, is polarized, and the same effect is also 
prodnced by its passage through certtdn crys- 
tals. A stone, called the tourmaUne, is much 
used for polarizing purposes. A thin poUshed 
plate of it polarizes the light which pai 
through, it, as in Fig. 149. If a second plate is ^ 
placed pai'allel to the first, Fig. 160, the light 
passes through both ■ but if the 'tecond plate 
is turned a quai't d F g 6 j 

is stopped. 'Th h m di 

cannot pass thro h p ed tourm : 





polarizing the ligh A po ze wh h t ts or 

detects it after it i m d h ta 

tnmingtbeplste J,%. 144! nawraaytlis ctiasged beamfce reflecl«df Wbathm 
ttoray BOEinireil! What is it csllea I Whatistho polariiing nnglel 369.1nwha6 
otbei irayB may light bapolaiizod! Ho-np do a pair of tom-malinee aO^tthe rayf 
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357. The wave theory affords a heauti d esplanat oa of these 
na To recur 
11 9t t on ot 
t s ohvious 
Tibrate it up 
and down, horizontally, 
direction 
. transverse to its lengtli. 
Fig. 163. In oommon light the undulations take place in all these 
directions at onoe. It has been suggested that common light may 
be I'epreaented by a round rod ; polariaed light by a flat one. 
Supposing the round rod to image to us the commou ray, the 

Fio. 15i 



^'°-^^^- o the 

y|l/%.-/'N.^^N./^\^C^£ we ca 



IlluelratlonB of Flam 



radii, Fig. 153, will exhibit the sjsten 
taking place in all planes. But the efl 
regard the vibrations as taking place i 
angles to each other, as in Fig. 154. 1T< 
reflected in certain positions, which y 



1 of transverse vibrations 
rect is just the same if wo 
n two planes only, at right 
ow when common light is 
e have just noticed (855), 
e of its planes of vibration is destroyed, and 
the beam is polarized, iU mhrations taking place 
'!?! in one plane. Fig. 165. "We can now easily 
inderatand the action of the tourmaline upon 
hglit. A plate of this crystal suppresses one 
of the planes of vibration, and, therefore, trans- 
mits a polarized ray. This will pass through a 
second plate if it is hdd in such a manner that 
its structure coincides with the motion ; but 
as to cross the waves, the ray is obstructed. A 
cai'd which readily slips through a grate when ite plane coincides 
with the bai-s, will be stopped if it is turned a quarter round, Fig. 166. 




^ano. 



if it is turned si 



' The unalyzei 



the iiiiduUitlons ta^e place 
I What is the eflfeit of the 
light! How does the figure 
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368. When a ray falls upon a transparent surface at a certajji 
angle, its planes of vibration are resolved ^^^ ^^^ 

into two, one of which is reflected, and 
the other transmitted. Fig. 157"; hoth are 
polarized, hut one ray vibrates in one 
direction, and the other in another. 

359. Double RefiraotlDii. — gome sub- 
stances possess the singular property of 
splitting the ray whioh passes throngh 
them, producing an effect which is 
Jmown as doubU r^raction, Pig. 158. 
Iceland spar (a carbonate of lime) and 
many crystals possess this power ; print- 
ed words or a candle flame seen through 
them appearing double Fig. 159. The 
effect is due to the molecular structure 
of the body. A cube of annealed glass, 
which usually gives only single refrac- 
tion, if unequally heated or subjected to 
pressure, divides tlie ray and manifests 
double refraction. The wave theory 
afflmis that in double refraction the ray 
of common light has its two systems of . 
nndulations espa/rated, and that the re- 
Bidting rays must, therefore, be polarized, . 
and at right angles to each other. Such 
is the fact ; and if the beams be intercepted by a plate of tourma- 
line, one is stopped, and the other transmitted. 

360. CSrctilar Polarliation. — Light affected in the manner de- 
scribed is said to be plane polarized. If the end of the cord, Fig. 
153, be moved in a circle, circular waves will be formed, and so 
we have also eirealar polarisation. Tlie wave motion is similar 
to that which a strip of card would have if forced along two 
opposite grooves of a rifie barrel. Some substances rotate the ray 
ia one direction, and some in another, while some rotate it more 
than others, but in each case the degree of rotation depends upon 




t of Dooble Kefracti. 
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the thickness of the medium. Solutions of sugar and most eason- 
tial oils turn the plana of polai-iaatinn, and this property thus 
heoomes a test of the nature of chemical suhstanceB, and of the 
strength of Tariou'! solations. Colored polarkatmi is a branch of 
the snbjeet haying estreme interest, hut it is too complex to be 
considered here. 

361. Uses of PolariBod Light— H'ot only is polarized light 
serviceable ia the way just mentioned, hut it has other applica- 
tions. The use nf the tourmaline gfeatly diminishes the glare qf 
r^eeted liglit, so that objects at the bottom of water, as rooliB, 
shoals, or fish, may be more clearly seen ; and in the ^ame w ly 
the pictures in a gallery may be better viewed It also affords 
a method of detei-mining whether the light from celestial bodies 
is direct or reflected. In a scientific point of \i&\\ polaii?ed light 
has gi'eat interest as a means of revealing the inne: constitution 
of vai'ious substances which is not detected by common hght 



I Analysis. 

362. Fraunhofer's Lines.— When the spectrnm foi-med from a 
naiTow line of solar light is viewed by a telescope, it is seen to be 
crossed by numerous dark lines of various bi-eadths. They were 
discovered in 1802, by Dr. Wollastow, hut excited little attention 
until they were rediscovered by rBAUBHorKn in 1815, He 
connted 590 from the red to the violet, and made a map of them, 
designating the most important by the letters of the alphabet (315). 
He further found that the lines did not vary in sunlight, examined 
at different times ; that the reflected light from the moon or from 
Venus gives the same distribution of them as the sun, while the 
spectra of the fixed stars differ fi-om those of the sun and from 
each other. From these considerations Fbaubhofbh drew the 
conclusion that the canse of. the lines ia the spectrum ^mti in 
tie sun. 

363. The SpeotroacopB is an instrument for observing the lines 
of the spectrum. Fig. 160 represents it in its simplest form. 
Bays of light from the sun or lamp a, enter a narrow vertical slit 
in tlie tube 5, and passing through the prism c, ore refracted and 

ertyuaed! 381. Wtiat la the BflvBntago of !■ 
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procluoe a spectrum. This is seen tj looking into tlie spyglass d 
The more perlect instruments have a thud tube ataatt.ii it t 
which contains i 
for aconratelj i 
the spaces between £he 
lines To obtain a hi^h 
dispersive power hollow 
glass prisma filled with 
bisulphide of carbon are 
used aud seveial may bo 
employed at once When 
in use the whole is cov- 
ered, to exclude the in- 
terfeiiTig light.* 

364. Spectra of the mv o . ^ 
„, "^ , The BpeotroBoopa. 

Elementa. — It is common- 
ly known that different substances tinge the flame of burning bodies 
of various colors, as seen, for example, in the colored flames of flre- 
worka ; but it has only lately been found that each element has, as 
it were, its ' mark,' or antograph of light. Each one, when burned 
under suitable ciroumstancos, emits a light, which, when passed 
through the prism, produces a spectrum so peculiar that it may 
serve to identify the element fwm which it proceeds. The inves- 
tigation of the spectra of the elements was lately undertaken by 
KiHonnoFF and Bdzjben-, of Germany, and the interesting results 
open to us a new method of chemical analysis. 

365. How the Spectra are Froduoed. — To emit their peculiar 
light, bodies mnst be Toporked. An ordinary lamp or gfts flame 
may produce the result, but it is most brilliant in the electric light. 
If a platinum wire be heated to whiteness, and its light passed 
through the prism, it pves a continuous spectrum ; but if it be con- 

* The BpBCtroscope of FKiDSEorsn wsa first uaed In Ihle oounlry hy Dr. John 
W. DRiPEn, of tha TJiiLveralty of New York, more than twonly-flvo ysara flgo. 
Hb modified it in IMS in eiich n manner aa to east the fised Unaa upou the Bensitlvo 
eni'fuaeof diig:uarraotype plates, atid vubliahad a map of the I'Eanllfl, ahowingfouT 
BrsatgrDUpaef thaee ituea beyond the limit of tha violet ray, and probably doub- 
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verted into incandescent Tspor by the electric carrent, its spec- 
tram becomes broken, and there is a series of briUiant linos sep- 
arated by varying intervals of darkness. If zinc be vaporized, it 
gives beautiful bands of red and blue ; if copper, they are of & 
brilliant green, Triile brass, which consists of both metals, gives 
both sets of lines at once. The metal sodium gives two very fine 
yellow lines situated close to each other, and so also does common 
salt and tie other compounds of sodium. So amazingly delicate 
is this test that Buhsks claims to have detected the ■bh.^s^.hw °i 
a gi'iun of sodium. 

366. New Elements. — Ab Bunsek was examming the spectra 
of the alkalies, he observed some bright lines which did not belong 
to them, and which led him to suspect tlie presence of a new 
metal associated with these bodies, rurther investigation i)roved 
the truth of his coiyecture. On evaporating 40 tone of a certtun 
mineral water, he obt^ned 105 grains of the chloride of a metal 
which gives two splendid violet lines in the spectrum, and which 
he called Oiesium, fi-om cmsius, bluish gray. He obtained also 185 
grains of the chloride of another metal, which gave two bright 
red Imes, and which he named Haiidium, from ruhidus, dark red. 
Mr. Oeookeb has since discovered a new metal resembling lead, 
which is distinguished by a spectral band of bright green, and has 
hence been called TlialUum. 

367. Ooincidenoe of Bright and Daik Lines. — In order to map 
the positions of the bright lines of various metals, KiEOHHorp 
employed the dai'k lines of the solar spectrum as his guide. Upon 
placing one spectram over the other, he was astonished to find 
that whole systems of lines in the two spectra were coincident; 
the bright lines of potassiom, sodium, chronjiura, magnesium, 
iron, and nickel, exactly corresponding with the same nnmber of 
dart solar lines. The speotrum of vaporized iron gave ahont 
60 bright lines, which precisely coincide in grouping, breadth, and 
separation with the same number of dark lines in the spectrum of 
the snn. This could bo no accidental result. EinoHBorF calcn. 
lated tliat the chances are more than 1,000,000,000,000,000,000 
to 1 that they are both due to the same cause, and that, therefore, 

compounds givE it? What Sobb Bonsek claim f 360. Wbot led Bui'ses to BQspeot 
the osihtance oC naw metalal How Aid he proaeadt What did he discover! 
367. What dieoovevj did Kiiiohhoff make) What did ho find coiicarnlog tho 
Iran lines! What pmbabillty (Ud KiBOHHori' work out! 3BS. WhoQ light is 
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theie must be ineaEleai-eiit ir a ^apor n tl e atico i here ot the 

368 Darb Iiines Produced by Abaotpbon — WI e Igl-f 
tranau tted through oe ta n vap 19 and th n p sael th ugl the 
prism the si ectra exhib t iiik Imes wh nl va y m th d fie ent 
oases F g 161 'So 1 shows the dark 1 nes of t! e p e sola 




siBetmi! No 2 the nfl ence f\apo of brom ue j ntlcraj, 
and No 3 that of the red fumes ot n truus ad Tl e w avo 
theory explains these resnlta. We have seen that gases and yapora 
destroy some of the rays of heat, and let others pass. The same 
thing occura here ; the vibrating atoms of the vapors strike dowa 
certain classes of the wayes — they are absorbed, and hence the 
dark lines in the spectrum are lines of absoi'pUon. 

369. What Rays are Absorbed 1 — This question carries ns one 
step further in this interesting inquiry. TV© have learned in the 
case of heat that the good radiator is the good absorber ; that is, 
that the same vibrations which emit a train of waves will also 
arrest them. The same thing is true of colors. ' The atoms 
which vibrato red light will stop red light ; those which oscillate 
green, will stop gi'ecn, and so of the rest.' 

370. This remarkable fact is proved by throwing the ray of an 
dectric lamp through a flame containing metallic vapor. The 
vapor will arrest the same kind of rays that it gives out, and its 
apectrnm will be reversed, dark lines replacing the bright ones. 
For example, if an eleotrio light is made to shine thronglt the 
sodium flame, the two yellow lines of its spectrum are changed to 
dark lines. The rays that the sodinm emits are also arrested. 

IrKnatoUtcdthrouBhvapotBpWhat Ifl theefibot* Howla tbtaexplaincdf 369. What 
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The dark lines thus prodneed, are, however, onlj relatively dai-k; 
the sodium oOBtmuea to emit its bright lines, but the light inter- 
cepted is so much more brilliant than, that emitted, that the lines 
appear as daj'k spaces in comparison with the rest of the spec- 
trum. The dark lines are thus lines of ahaorptian. 

371. Cause of the Dark Solar Iiines, — These views afford an 
esplanation of the cause of the dark solar lines. Astronomy 
teaches that the sun consists of two parts; a central orb, or 
mideiis,.of intense brightness, surrounded by a luminous atmo- 
sphere (photosphere), so that there are two sources of solar light. 
If the Hght from the central orb could be intercepted, we should 
receive only rays from the photosphere, and its spectrum would 
^ve us all the dark lines of FBitisHOPBE as bright lines, owing to 
the chemical substances which esist ia it aa vapor. But as the 
rays of the far brighter nucleus pass through the photosphere, it 
stops a!! those which it can itself emit, and thus gives us the dark 
lines of the solar spectrum aa lines of absorption. , 

§Vn. OhemiaPry of lAgU. 

372. It was known to the alchemista that light 
exerts a chemical effect upon various bodies, as, for 
example, blackening lihe salts of silver. SonEcLs, a 
German chemist of the las>t century, proved that thia 
off t is m t intense in the violet region of the spec- 
u n and B ttbs, of Geueva, in 1801, discovered the 
s pa enco of dark rays more refrangible than 

h wh ch produce clieniioal changes. 

373 The Chemical Spectrum. — When a sheet of 
wh p p 3 washed 'fiver with a solution of nitrate 
and the prismatic spectrum is made to faU 
upo a hange occurs; the paper blackens. The 

on h darkened apace is represented in Tig. 

16 Th bird spectrum also exhibits a break or 
n e n ke that of heat. The dark band is the 

p eraical action, and occurs in the yellow 

?h adi which produce these effects have been 

w uiabettioreonttt How ats tho davk solai' linca pto- 
W ta ngtheeffeotBof ligTitiwirekuoivntoUieftlcheniistal 

I T R . How is tbeoliemicalBpectnim formed) Wballa 
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tewtted the actmie rays, or actirti^m, a word whioli signifies liter- 
ally my power. They are, howevei', more oommoiily known as 
tie chemical rays. 

374. Thus the sunbeam ia a line of forces through wLicli the 
sua has a threefold control over terrestrial matter. It transmits 
an expanaive energy which conti-ols the magnitude and 

forms of bodies ; a luminous influence which impres 
the neiTQ of the animal eye, and a chemical foree which I 
governs affinity, rig. 163 represents the position a 
intensities of the three forces in the prismatic spectrn 
The course of the curve a defines the intensity and < 
tent of the heat ; h, of the light ; and e, of the chemical 
force. The agency of light in the production of organic 
matter will he considered in PhjMological Chemistry. 

375. Analogies of the Chemical Force 'with Kilght. — 
That the chemical element of the ray ia of the ss 
nature as light, ia proved by the completeness of its 
analogies with it. It moTea in straight lines with the 
same velocity, and is diiFused, reflected, refracted, douhle- 
refracted, and polarized like light. It also undergoes 
interference, and .giyes the lines of absorption ; and aa 
there are different kinds of light, so there are also differ- '^^^^l'^ 
ent kinds or qualities of chemical force which take effect 

upon different classes of compounds and correspond to colors, 
We are thus brought to consider chemical action as a motion of 
atoms, and the chemical changea of the spectrum as produced by 
ethereal waves. 

37S. How Light Produces Chemical Change, — As the increase 
of vibration throws atoms beyond the sphere of cohesion, so it 
also throws them beyond the sphere of affinity, produemg decom- 
position. In cohesion, the atoms are aUke, and vibrate alike ; in 
afBnity, they are totally unlike, and vibrate at different rates. Ele- 
ments, having the highest and lowest atomic numbers, as hydro- 
gen and the noble metals, do not combine at all ; their motions 
being so different that they cannot keep together. Others move 
at such rates that they unite only feebly, and the shghtest increase 
of atomic motion separates them, A stream of waves, falling upon 
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a group of uneqiially Tibrating atoms, acts upon them Tineqnally, 
and thus tends to increase the diversity of tlieir motion. When the 
LTe strokes are ao timed to the motion of an atom aa 
',a oscillations, the effect accnmulates, the atom is de- 
tached and thrown within reach of new afSnities. In this manner 
one compound ia destroyed and another formed. 

377. Meaauremsnt of ths Force. — If hydrogen and chlorine 
gases are mingled together in the dark, their rates of vibration are 
BO different that they do not unite. If brought into diffused day- 
light, they gradually combine ; if into the sunshine, they combine 
explosively. This change is effected by the chemical rays which 
are absorbed ; that ia, the ethereal motions are taken up by the 
gaseous atoms which are thus brought into combining relations. 
The amount of condensation which oocnrs has been employed as 
a measure of tlie force in action (616). 

378. Photography.— This beantiful art is » result of the chem- 
ical action of light. A metallic, glass, or paper surface is coated 
with some chemical substance which is changed by light, and, 
therefore, said to be sensitive. The prepared tablet is then placed 
in a camera obscura, a darkened chamber, with Jenses on one side, 
by which the images of estemal objects arc formed within. These 
are made to fall upon the sensitive surface, when a change takes 
place, its intensity corresponding to the intensity of the light. 
The brightest points are most changed, the darkest least, and those 
between intermediately, ao that tlie lights and shadows pass into 
each other gradually. The processes for making pictures will bo 
referred to after treating of the chemical substances used (870). 

379. The Pictnre Formed by a Dark Force. — Photography or 

light-draming is an erroneoas 

hi term, as it is not the light which 
..--:::'-{;;-■■'''''"" M *<!t^i bnt the dark radiations 

— ■ S3--:"-" UIE "With which it is associated. 

I — ~~ u n ,,,1|[ Hence, as the chemical rays are 
" * " " more i efrangible than the lumin- 

o, Heat ; 5, Light , « Cheiofcal Poice , i, j ^ ■ i 

ons, and are gatliered to a pomt 

sooner, Fig. 164 the accurate operator mates allowance, and 
advances the prepared plato shghtly forward from the luminous 

urod! 378. HowarophotOKrophi^impreseHinaprodHeedl How are Iho llghte nnd 
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to the chemical focus. By a proper arrangement, the chemical rays 
of the spectrum whicli are beyond the region of light, may be thrown 
into a darkened apartment against ac object, and, being reflected 
upon a sensitive surface, will produce a pictm-e in total darkness. 

330. By reference to the cui-ves, Big. 163, it will be seen that 
light and the chemical force are antagonistic — where the former 
is strongest, the latter is weakest. As we approach the equator, 
therefore, the light becomes so brilliant as to interfere with the 
process, and make it difEonlt to take pictures. 

381. InEtantansona Impresslous.'-A train of cars at high speed, 
if seen at night by a lightning flash, seems standing at rest: so a 
wheel reTolving many hundred times a second in a dark room, if 
illuminated by an electric spark, appears to stand still — so incredi- 
bly brief is the duration of the light. Mr. Fox Talbot placed 
upon a wheel a printed bill ao as to produce its image in a camera. 
He then darkened the room, placed a highly sensitive plate in the 
camera, set the wheel to revolving at the rate of 200 revolutions 
per second, and illuminated the apparatus by an electric spark. 
A definite and legible impremon qf the Mil was oitained. "While 
the light acted, the wheel could not have moved through the yj^ 
of a revolution, that is, the picture must have been taken in less 
than the jj,}nii5 of a second — one of the most astonishing results 
in the whole range of science. 

382, Chemistry of the Stars. — Accoi'(Iing to the faith of the 
old elohemists, the earthly elements were ruled by the magical 
influence of the stars. It was a prophetic dream, and has been 
fulfilled in the consummate researches of modem science, which 
has given ua a true celestial chemistry. The spectrum of the stars 
has its bands of absorption, and Mr. ETTTHESFORn, of New York, 
has discovered a coincidence between several of the dark lines of 
Arcturus and those of the sun — these lines being possible indica- 
tions of the chemical conditions of their sources. The light of the 
stars also contains a positive chemical energy ; they are photo- 
graphed by the astronomer. He prepares his chemical map, and 
tliey telegraph across iJie universe, registering upon it their exact 
places. Though situated so profoundly in the depths of space 
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that it may reqi e thon anda f years for their imptilaes to reach 
us, the stars, ne th ies e.er a control over the conditions of 
earthly mattei; p d inj, 1 on position and regrouping chemical 
atoms. In fact 1 ^ht t If a physiological force effecting nerve 
changes — a kind of vital photography in which the piotnres are 
sensations, and translate the outer world into the sphere of con- 
sciousness. Thus the radiations of the heavenly bodies are the 
m.ysterions Jinks which bind the vast universe to our world of 
matter, life, and mind. 

383. PhosphoreBoenoa is a property possessed by various bodies 
of emitting a faiftt light at ordinary or low temperatures, and is so 
named from phosphorus, which exhibits it in a remarkable degree. 
Phosphorescence is manifested by certain insects, as the firefly and 
glowwoiTU, by several species of plants, by various animal and 
vegetable sabstaoces in a state of decay, and by exposure of many 
substances to sources of light. If a sheet of paper or the hand be 
placed in sunsliine for a short time, and then withdrawn into dark- 
ness, they wiil continue to glow for a few seconds, while other 
bodies, as the diamond and ohlorophane, after exposure, remain 
for a long time luminous. The cause of these phenomena is not 
fully understood. It is maintained by some that there is a fourth 
class of rays in the sunbeam which have the power of exciting 
phoaphoresoence, and are hence called phos^horogenic rays. Tlie 
diamond will not glow if protected^'om the sun by the thinnest 
glass, theiefoie, felass is assumed to be opaque to these rajs, on 
the other hand, smoked quartz, Tvhich ariesta the light, peimits 
this effect to pass 

384 Peraiatenee of Impressioiia — Slight and evaneicent is 
the^e efiects miv seem, they neveitheless chng to mattei with 
suipiising persistence II we cover a boaid with powdered sul 
phide of calcium (made adheient by a previous coatmg ot gum 
aiabic), lay a key upon it, and expose it for a fi-w mmutes to sun 
light , on bimgmg it into a dark room, ind lemoving the key, a 
ddrk, well defined image ot it is seen on a white ground The vur 
rounding phosphorescent glow gradually diminishes, and the image 
disappears. B^ow, place a pencil upon the sni-ftwe, and expose it 
again, and when the imago vanishes, repeat tlie exposui'e a third 
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time with a ring. Wiien. all traces of the last image are gone, heat 
the board, and the images will reappear in reverse order — first, the 
ring, then the pencil, then the key; and they have heen thus evoked 
weelis and months after thej were formed. 

385. Universal Impressibility of Matter. — It was at first sup- 
posed that light affected only a few peculiar Bubatances, hut the 
progress of chemistry has shown that the sunbeam can hardly 
fall upon a surface of any kind without producing a molecular 
change and leaving a lasting impression. 

386. If an engraving which has been for some time in the 
dark is one half exposed to the sunlight, the other being kept per- 
fectly covered, and then removed to a dark room and placed la 
close contact with a sheet of prepared photographic paper, the 
portion which was exposed to light is reproduced on the sensitive 
paper, while the protected part produces no effect. Again, an en- 
graving, charged with sunshine and placed in the dark a quarter of 
an inch distant from a surface of sensitive paper, was reproduced 
without contact and by radiation of dark force. 

387. Manama Images.— It would, moreover, seem that one 
object can hardly touch or approach another without irapress- 
ii^ a change upon it, which is more or less lasting. If we 
lay a wafer or small coin upon a piece of clean cold glass, or 
polished metal, and breathe upon the surface, upon tossing off 
the object, after the moisture has evaporated^ not a trace of it re- 
mains. But if we breathe upon it again, a spectral image of the 
coin or wafer comes forth, which, as it fades away, may be again 
and again recalled by a breath, even months afterward. These 
images were discovered by M. Mosbe and Dr. Dsapbb about the 
same time. Objects also impress each other without oontaot. 
Engincei-s have noticed that the near parts of machinery visibly 
impressed each other. By exposure over night, a very dbtinct 
image of the grain of wood has been obtained, when placed more 
than half an inch from the receiving surface. 

remarkablo eiperlment Is this shown! 385, 'Whot is eflifl of the eslant of thess 
effectat JS6. What e>:jjfirimenta may bo mado Willi ongtavlngB? 387, DeBorlbs 
Uia experiment with tho wafef . Who are il8 disoovorera ) 
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CHAPTER VI. 

MUTUAL RELATIONS OP THE FOEOaS. 

§1. Connection of PoUmMes. 

388. Ideas of Poroe Progressivs.— With the progress of sci- 
ence ideas of fo ue are refined It was so in Astronomy, The 
earhe'it notion ot the ciise cf celestial motions was that of solid 
cryataUine sphtrm by wi ch the heavenly bodies were supported 
and cirried ruimd m the r courses This idea waa replaced hy 
that of the more fles hie mechimsm of epicycles. To this suc- 
ceeded DEaoAiiTBS e more refined hypothesis of iiortiv^s. He repre- 
sented the planets and sateDites as owing their motions to oceans 
of fluid diffused through the celestial spaces, which constantly 
whirled aronnd in vortices, and bore along the heavenily bodies^ 
!Newton fii-st oleai'ed away these material devices, and substituted 
the idea of an immaterial force acting according to mathematically 
demonstrated laws. 

3B9. So also with heat, light, electricity, and affinity; they 
have passed through their mateTial stage, and are now to be 
regarded as kindred and convertible modes of motion. The pres- 
ent chapter will recapitulate some points already noticed, and still 
further illustrate the later and larger views of the relations of 

390. EisB of the Idea of Polarity. — N'ewtoh' fixed the atten- 
tion of the world upon the play of central aUractiona through the 
m Th d mpletely oocnpied the thought of the 

last tytlt nfn d the entire mechanism of nature — 
ml 1 as w 11 m — was moved by central attractions, 
B t ab t th b gmm j, f the present century it began to he 
p d that a th and w dely different mode of force plays 

a mp rt nt p t h h e. This is the principle of polar- 
ity. We have seen it workmg in varions forms, hut in them all 
we discover the common aiiaxaiitf,n&tio3 of opposite powers or prop- 
ass. ■What hne been the pimresB of Ideas of forfe in BBlronomy? 389. H:ia 
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ertiei in apposite directions. A very intimate and interesting 
series of relationships may 1)6 traced among these polarities. 

391. Magnetic and Electric Polarities.— In the case of mag- 
netic and electric forces, it was suspected, long before Ohhsted 
made the discovery, that they were in some way intimately re- 
lated. This conneotion, however, turned out to he more Sonstant 
and extensive than, had. been imagined. A magnetic needle, when 
placed near a galvanic wire, is jerked out of its position and 
turned across the current. A galvanic wire is made to revolve 
round a maguet, and a magnet round a galvanic wire, Artificial 
magnets are made of coils of galvaaic wire ; and, finally, the gal- 
vanic spark itself is obtained from the magnet. "We cannot escape 
the conviction that whatever he the nature of tiiese polarities, 
they are due to the same cause. 

392. Electric and Chemical Polatities. — In chemical pro- 
cesses, opposites (aoida and bases for example) are attracted to- 
gether and neutralize each other. It is true we do not here have 
' unlike poles attracting, and like poles repelling,' as in magnetism 
and electricity, hut these are only special modes in which the 
principle of polarity is manifested, and are not essential to it. 
The conception of opposite properties and mutual neutralization 
involves the idea, and makes the chemical a true polar force. 
FiBADAT teaches that chemical combination and decomposition 
must always be regai'ded as taking place in virtue of equal and 
opposite forces, by which the particles are united or sepai'ated; 
and he has used this very case to teach us that, in the general 
idea of polarity, we must get i-id of the notion of attractmg poles. 
We have seen chemical action produce electric currents, and elec- 
tric currents chemical action. These polarities are believed to be 
but different phases of the same principle. 

393. Chemical and Crystalline Polcirities. — It is evident there 
is a very close connection between chemical affinity and the 
attraction which an'anges together the paiticles of t cry.tal 
Chemical affinity takes the elements out of solution, and places 
them in a fixed polar arrangement (106). The force which draw a 

it the eswiios of polnrilyt 391. What was long suspected conceinlng tie 
magnetio anil e]ectiio forces) Wby ate tliej now sonBlflered ti be due to 
the same cause! S62, How ia the obemical shown to bo a polar forcol 'WJiat 
islte toaoMngof FjRlDir concerning it! What rcla,Uoo eilets iMtweaii chemical 
attraction and electric cDrrentsr S93. What le said of cbamical affinily and olys 
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the particles togother, and that which places them in a crystalline 
order,' are evidently one. 
. 394. Crystalline and Optical Polarity. — Here also is a most 
intiniato and beautiful connection. We havo seen 'that crystals 
are u3ed foe polarizing light, hut this power dependa upon, the 
axis of the crystal; that is, the direction of the polarities of the 
crystalline particles. It has also been observed that the action of 
heat and electricity upon bodies is influenced by the polarity of 
their atoms (367). 

395. Magnetism and Light.— A beautiful illustration of these 
connections was discovered by Fagadat, in' 1845. A piece of 

flint glass, A, Fig. 166, is placed between 
the poles N B of a powerful eleotro- 
j^ magnet, and a ray of light, polarized in a 

j-;j;,„^3sS"I^' vortical plane by reflection from a piece of 
^ blackened glass, passes through the glass 

A, and is viewed through a piece of Ice- 
land spar {ITicoVs prism). 8o long as the 
bars N and 6 are not magnetic, the ray 
is passed or stopped as nsual by revolving 
the prism. If now it be turned, so that 
the rojf is darkened, and the wires and Z are connected with the 
battery, the bar is made magnetic, it affects the glass, and the ray 
instantly becomes visible. A ciain of four polarities, electric, 
magnetic, lumiaous, and crystalline, is called into action in pro- 
ducing this remarkable effect. If we add the organic polarity of 
the nerve of vision, we have a fifth lint of the polar series. 

396. Optical and Thermal Polarities^— It only remains now 
to state that heat is capable of being polarized like light to com- 
plete the mysterious chain of influences which shows that there is 
some common principle of action among these forces, and a deeper 
unity of cause t)jan was formerly suspected. 

§ II. Connection of tJis Badiwnt Forces. 

397. The intimate connection of the radiant forces has been 
before referred to, but requires further illustration. Fig. 166 

taUiKBiiOD) 3B4, Upon wiat does the power of tliB crjstnl (o polnrizaligSt depend! 
B»S. Whit ia the connection bet-ween mBgneUsm and light ? Describe tba experl- 
mont, Fig. 166. What polaritlea are tcro caUad Info piny ! EM. What Is said of 
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a the contents of a luminous beam a, spread out by tbe 
priBtn from h to c. The heating effects begiu at 6, and estend 
througli tho apace em- ^ , 

braced by the thermal c 

bracket, varyicg in in- ^[^^"-v. 

tensity and quality at chem 
each point. The differ- ^orce 
eacea among the ther- 
mal rays so mucli re- 
semble those of oolor, '^^'■ 
that Melloni deaigna- Force. . 
ted this phonomenou aa 
the ' ideal coloration, 
of boat.' The middle 
bracket of tho diagram 

while the chemical bracket comprehends a wide range of chemical 
intensities which take effect upon different compounds in the dif- 
ferent spaces. The continuous lines indicate heat rays ; the broken 
lines, chemiea] rays ; .and the dotted lines, luminous rsys. 

398. Identity of Heat and Light Motions.— It has been said 
that all these radiations obey precisely the same laws of movement ; 
but the analogies of heat with light are CBrried much farther than 
has yet been stated, Not only has the interference of heat 
been proved, hot no change or manifestation can be impressed 
upon light that does uot affect the associated heat in the same 
manner and degree. The heat ray iijidergoes double refractiott 
by Iceland spar, and the two separated beams are polarized in 
planes at right angles to each other (369). The phenomenon of the 
magnetic rota/ry polarhation ef "heat has also been observed. 
These facts show beyond question that heat cannot be a material 
substance, but is a mode of motion of tho same nature as light. 

399 Dr Draper's Elxpennient. — Stdl more conclusive on this 
pomt are the beaitifd experiments of Prof Dsapeb He sub 
jBoted v«ioT g snb'itanccs under suitable ciicumstmces foi ob 
Ber\ation to the acti a ot he^t and found the order of efleots 
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etriotly dependent upon the energy of the combustion, or source 
of heat. At the commenceinent of the action, as the body begins 
to bo heated, the rays omitted are of the lowest refrangibility, 
being but slightly refracted by a prism of rock salt. As the 
molecular action of combuation increases, the refrangibility and 
intensity of tto heat rays increase. At about 1000°, the emitted 
rays becoiue so energetic that they begia to act npon the eye, pro- 
ducing the sensation of a dull red light, and this effect takes place 
at the same thermometric degree with all solids. As the temper- 
ature ascends, the colors of the spectrum appear in the order of their 
refrangibility ; red, orange, yellow, green, blue, indigo, and yiolot. 
At 2180* all the colors are produced, and from their commixture 
the substance appears white hot ; actinic effocta then appear in full 
intensity. As the body cools, the order of effects is reversed, and 
the colors disappear successively, from the violet to the red. 

400. How Heat and. Xdglit I^Ser. — The foregoing experiment 
proves that all the diversified effects of the spectrum are due to 
one energy. Heat and light are not the same thing, but they have 
one cause. Heat raya differ frorn light rays simply as one color 
differs from another. It is well known that the selfsame force 
produces widely different effects according as it acta upon different 
media. The same electric current, if sent through a thin wire, pro- 
duces lieat; if sent round a piece of iron, produces magneUsm; 
and if through a conducting liquid, chemical decomposition, 9o, 
the same agent, acting upon different organs of the body, affects 
onr consciousness differently ; — falling upon the nerves of feeling, 
it excites the sensation of heat ; and upon the nerves of seeing, the 
sensation of sight. 

401. Fluaresoence — Dark Bays changed to Iiight. — The eon- 
version of one radiant force into another, and the influence of the 
body upon which it acts, are strikingly esemphfied by a discovery 
of Prof Stoees He filled a glass tube with a solution of sulphate 

f q n n aad th n m d t tl gh th p t mi tering at 
th d N 1 ft t w p d d 1 11 t p sed the 

extr m t ft! vr 1 t and nte d the g n f tl hemical 

ay wh n a gh tly 1 m f p 1 bl 1 ht h t a oss the 
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tube.' The dark chemical force ■waa changed to light by the 
quinine solution. Thus the same force acting upon one surface, 
produces one effect, and upon another, an opposite one. Varioua 
substances give rise to this result, as a decoction of horse chestnuts, 
glass stained with oxide of uranium, &c. They hayo the property 
of receiving rays of one refrangibility, and emitting them at a 
lower one ; and, as the colors of the spectrum are similarly low- 
ered in the scale of refrangibility by these substances, the phe- 
nomenon was first known as the degradation of light. The term 
Jhiorescenee is now applied to it, because it is very strongly mani- 
fested by a body known s&fimr spar. 

§ III. Cons&rvaUon of Force, 

402. "We have referred to the great truth that force, like mat- 
tor, is persistent and indestructible : its changes are but mutations 
from form to form ; an impulse of force can no more be created 
or destroyed than a particle of matter. This principle is known 
as the conservation tjf farce, and is characterized by Dr. Fabaoay 
as ' the highest law in physical science which our faculties permit 
U8 to perceive,' The phrase correlation of forces has been used 
to indicate their mutual convertibility, bnt both forms of expres- 
sion imply the same great principle. 

403. History.— This is bnt another case, of which the history 
of Bciente furnishes so many, where a great discoveiy belongs 
rather to an epoch than to an individual. In the growth of scien- 
tific thought, the time had come for the evolution of this prin- 
ciple, and accordingly several master mmds seized upon it inde- 
pendently about the same time. Among tlieso are Matbu an.d 
Helmholtz, of Germany, Colbino-, of Denmark, and JoutB, Grovb, 
and Fabaday, of England- These discovereis announced their 
results between 1840 and 1860; they became generally known 
during the next ten years, and are now established as comprehen- 
sive and guiding principles of science. 

404. Origin of the Idea of PerpetuEd Motion.— To common 
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obsenfation, wten a moving body comes to rest, its fovco is anni- 
bilated, and this baa been generally believed. The notion that 
force might thus pass out of existenoe— from something to nothing 
naturally led to the oorrespondlng idea that it might be created, 
or come/rowi nothing. These loose conceptions of force gave rise 
to the fallacy of a perpetual motion. — a machine that could go on 
forevoR, producing its own power, -with no esternal supply of 

405. Persistence of Mechanical Poroe.— This error was first 
detected in mechanics. It was found that machines do not create 
force, bat only communicate,iiistrihnte, and apply that which is im- 
parted to them. In. all coses, the force expended is exactly measured 
by the resistance overcome. In the case of water power, to lift a 
hammer of 100 pounds, 1 foot high, at least 100 pounds of water 
must fail through 1 foot ; or, what is the same thing, 200 pounds 
must fall through -J a foot, or BO pounds through 3 feet. If a. 
hammer weighing 1,000 lbs. is employed, with the same drivingforce 
it wiJl either be raised to only ^ the height, or tenfold the time 
will be required to raise it to the same height. Thus, in mechan- 
ics, a certain amount of power or change acting as cause produces 
an exactly equal amount of change as effect. 

406 Oottvertibility of tho Foroes.— Wow what occurs hero 
IS hut the coniequence of a universal law which applies to all 
kinds of ihysioal energy. The preceding pages have afforded 
numeiOTis illustrations of the production of one force by another. 
Heit we have seen esoitea electricity, and through that magnet- 
ism chemical action and light. Or, if we start with magnetism, 
this may give rise to electricity, and this again to heat, chemical 
action, and light. So, chemical action produces heat, light, and 
electricity ; and it has been also found that a mere line of decom- 
posing paHides manifests a direct magnetic influence. That elec- 
tricity sets the whole series in action is strikingly exemplified by 
electrifying the milphuret of calcwm, or some similar Bubstanoe. 
At the instant of electrization, it becomes magnetic; is heated, 
and, if the electricity be sufficiently intense, it becomes luminous ; 
that is, lighf is produced. It expands, therefore there is motion; 
and is decomposed— -hence there is chemical action. 

404, Wiat is tho origin of the iden of perpetual motion J 406. Whot was found in 
I'egard to machines 1 Wliat ie the ralatlon between lifting a hammer and the 
descent of Water 1 406. What fomeB may be produced by heat 1 What exunpleB 
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407. 'Friction against Space — A new and remarkable illus- 
tration of the effect of resistance tD motion in producing teat tins 
been, lately discovered If a blade of copper or any oonciuctoi: 
be moved backward and forward letween the poles of an active 
and powerful electro ^^^ „, 
magnet, altJiougb ]t 
touches nothing it 
will he resisted as 
if it weie saw 
through cheese and | 
become hot A cop 

per cylinder filled Magnetlam eBistmg M tlo 

with alloy and momted between the poles P P Pig 16T, seems 
grasped by an m is ble band If lapidly spun aiound by the 
string s s attached to a Tj\hei.l it will grow hot, and, in three 
minutes, tbe tlloy w II ba melted indeed the copper cylinder 
may be made ri-d hot Tbe be^t produced ia in precise proportion 
t« the force expended m mcreasmg the resistance. 

408. Grove's Experiment.— In a very beautiful esperiment, 
Mr. Geotb produced tbe whole circle of forces by using light as the 
exciter. He inclosed a sensitive daguerreotype plate in a bos 
having a glass front with a abutter over it. Between this glass 
and the plate was a gridiron of silver wire. Tbe daguerreotype 
plate was connected with one extremity of a galvanometer coil, 
and the wire gridiron with a Bueodet's thermometer ; * this and 
the galvanometer being also connected, so as to form a complete 
circuit. When the shutter was raised and a beam of light admit- 
ted, chemical action was produced in the plate ; electricity in the 
wires ; heat in Brggijet's helix ; magnetism, in the coil, and 
motion in the galvanometer needles. 

409. Forces Convertible in Definite Quantities. — These trans- 
mutations take place in definite quantities. It is well understood 

* BREauFi'a thermometer conBlstB of a vettionl hulLx eompouniled of two rib- 
Tmuaof aiffoi'eQtnielalB. Tba Hllehteat amount o( heal, by cauatag mioqnal eipan. 
alon of the two mstala <2S«), uiicolla the Hplriil iiad produces motion, wliitJi ia 



'are given of foi'ces ptodncirg each otbor t T 
aolphurotof oalclunH 407. Whnt is the affe 
and forth botweon lie poles of an olcotro-r 
V]g. 167. 40B. Wlat U aiiowa by Qkotb' 
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tiiat a certain amoTint of fuel ia neeessafy to perform a given 
amount of work with a steam engine. This means strictly that a 
definite quantity of tha oheraioBl action of combustion gives rise 
to a fixed quantity of heat, and tliis to a determinate quantity of 
mechanical effect. Dr. Fabaday mads the important disooveiy 
of the definite chemical effect of the voltaic current. He foand 
that an eciuiYalent of an element consumed in a battery gives 
rise to a definite qnanlJty of eleotrioity, which will produce 
exactly an equivalent of chemical decomposition. For example, 
the consumption of 32 grains of zinc in the battery, excites a 
current which will set free from combination 1 grain of hydrogen, 
104 of lead, 108 of silver, 89 of potassium, and Sl.S of copper. 
These are the combining numbers of those elements, and establish 
ft remarkable equivalency between chemical and electrical forces, 

410. Atomio Heat. — The definite relation between combining 
Qumbers and specific heats is equally remarkable. For example, 
38, 32, 103 are the atomic numbers of iron, copper, and lead ; 
but they also express the relations of these bodies fo beat. They 
indicate the exact quantities of the metals which will be raised 
through equal temperature by equal SQjjreee of hoat. It would 
take the same amount of burning alcohol to heat 38 Ite. of iron 
100° that would be consumed in raising 32 lbs. of copper or 103 
of icad through the same number of degrees. The correspondence 
ia very close with the other metallic elements and with sulphur, 
while the atomic heat of several of the elements is double that of 
the bodies mentioned. 

411. Units of Heat and Force, — To ascertain at what i-ate 
mechanical force produces heat, requires certain standards of com- 
parison, known as the units of Iteat and force. The English unit 
of heat is 1 lb. of water raised through 1 degree of Fahrenheit ; 
tlie unit of force is 1 avoirdupois pound filing through 1 foot of 
space; or, as it is called, the /oof^owno!. 100 lbs. of water raised 
through 10°, would require 1,000 units of heat; while 100 lbs, 
falling through 10 feet would produce 1,000 units of force. 

412. The IVIechEuiioal Equivalent of Heat. — To Dr. Joule, of 
Manchestei-, England, is due the honor of having experimentally 

relatiou between fuol.heat, ana workl "What dia FimDiT find to l>a the rela- 
lion liptwccn cheinical acltod and eleotrioity T Esamples. 410. What ie asid of 
ttie rolalioa between combining nmnbors and spociac beats! EKsmplea. 411. 
What aco the units of beat aad force F 412. Wbo determined the meohanlaal 
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demonstrated the meiihanical equivalent tif keat.; — that ia, how 
many units of force are equal to a unit of heat. He agitated 
water, mercury, and oil successively, in suitahls vessels, by means 
of paddles driven, hy falling weights, and determined the exact 
amount of force spent, and of heat produced. He also rubbed 
cast iroa discs against each other, carefdUy measuring the force 
employed and the resulting heat. By varied and repeated esperi- 
ments he found that the same expenditure of power produced the 
same absolute amount of heat, tchatever materials were used; 
and that a pound weight falling through 772 feet, or 773 lbs. fall- 
ing through 1 foot, and then arrested, produce sufB-cient heat to 
raise 1 lb. of water 1" ; so that the nait of heat is equal to 772 
units of force. This is known as ' Jocle's Law.' * 

41 3. Further Iiiobs of the Dynamic Chain. — The law of equi- 
valence between mechanical energy and heat thus directly estab- 
lished ia beautifully confirmed by introducing other links of force. 
An electric current, which, by resistance in passing through an im- 
perfect conductor, produces auffioient heat to raise 1 lb, of water 
1 degree, sets free an amount of hydrogen which, when burned, 
raises exactly 1 lb. of water 1 degree. And again, the same 
amount of electricity will produce an attractive magnetic force by 
which a weight of 772 lbs. may be raised 1 foot high. 

414. Significanoe of Joule's Law. — The establishment of the 
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note tliatliie first step In Oiele grand TiewBortlie 
ly unfolJed, was taken toward the oloee of Cbe laM 
miAum THOHFSon, allerwsrd laiowa m CdddI 
In the Umoof theievnloUon, andideiolidglilmBelf 
ama tlie founder ef Die Boj'ol Instltntloa of Eng- 
i of •]alotIl^ demonalisted experimentanr tlie eon- 
o beat, and arrived St qusnUuttys nanUB vhfob, 
ila experlmente, are remarkably near tfae eetsblish- 
CHDDoa sg^net a atstd b«er mr horee power tat !} 

, „ igh torrieeM(lb»,of watertfomBO" to212". He 

eiplioitlv snuounced tbe visv now btid of toe nature of beat, and wrote as td- 
lowB, the italtcB belu hla own : ' What te beatt la tbers any suob Iblng as en 

wneatifJbMI Is ttsre any thing that irttb ...~~_ i.. .„.i.j„„i„_i». w. 

Dave seen that a very BanMdBrable qasntll; of _ , 

of two metanfo Eurfaeee^ and alven off hi a oonatant alream or nux id oh atreo^ 
tioaa wltbont Interruption ot fitermlaelan, and without any elgiM of dlmititiHan 
or exA««eMm. Tn reasoning on thie anlfjeat we mnrt not fo^t that moet remote 
a&te drcamsttmee, that tbe eooree of tae heat nnorated by fMclIon In theea ei- 
pertmenl« appeared to be ineoAauiUble. It Is bsrdiy neceaaary to add that any 
tblngwbioh any inenlated body or eyMem of bodies oan oontlnne lofarnlihicfiSoirf 
limtiaiion, aannot poB^bly be n material gubeta/ncej and It appears to me to be 
emiemuly dilEoult,if not quite impossible, to form any distinct Idea of any tbing 
capable of being excited and communicated la these oxperiiaente, except it be 
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principle of correlation between mechanical force and heat con- 
stitutes one of tl e n ost 'd po'tant eyents in the progress of sci- 
ence. It teacheH ub tl at the movements we see around us are not 
spontaneous, or ndepondent occuiien:'e'<, but links in the eternal 
chain of forces that wl en hod es ire put in motion, it is at the 
espouse of some ] lenously ex t-t Eg energy, and that when they 
come to rest their loroe is not destroyed, hnt Jives on in other 
forms. Eyery motion Ve see 1 as ts tl ernial value ; and when it 
ceases, its eqi valent ot heat s an invinable result. Should the 
motion of the 1 eavenly holies he arrested, it would produce a 
conflagration of the universe 

415. As the mot oi s and masaei ot the planetary bodies are 
definite and detern nod we can p edict the exact consequence if 
those motions bIio Id ceise The earth s 8,000 miles in diameter, 
B J times heavier than water, and moves through its orbit at the rate 
of 68,000 miles an hour. Were its motion suddenly arrested it 
would generate a heat eqnal to the combustion of 14 globes of an- 
thracite coal as largo as the earth. Sliould it fall into the sun the 
shock would produce a heat equal to the combustion of 5,400 earth- 
globes of solid coal. If the sun were a solid mass of anthracite his 
combustion would maintain the present heat but 5,000 yews; 
whereas, if the planet, Jupiter, should fall into tie sun it would 
produce heat enough to mfdntain the solar emission /or 35,000 
years (1186). 

416. If a fragment of coal were taken to the sun and bnmed it 
would pve out a definite amount of heat, but if it sliould fall from 
the earth to the sun it would produce 3,000 times more heat by 
its arrested motion. It has been suggested that meteoric matter 
falling into the sun may be the actual cause of his heat. 

417. Motion alone convertible. — As two substances when 
oombined chemically, produce heat, and remain combined, it may 
be asked, ' How can the heat be regai'ded as converted chemical 
force, whUe that force is still in action!' This will be understood 
by referring to the case of gravity. "When a lifted body falls, it 
gives back the force expended in lifting it, but gravity still attracts 
it to the earth with undiminished force. So with the chemical 

oonflrmod? 414. What does this priaciple leach us! What would result if tlio 
moveoient of tha heavenly budles ehonld be niTestedt 416. What if Iho earth's 

416. Whatlssaidof afi-aginentof coali 417. How Dan the heot be ounverted tuta 
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atoms. They are detached, and then niah together again, giving 
back a force equal to that employed iu separating them , but they 
remain combined as the weight remains pressed to the ground. 
Neither gravity nor affinity are for an instant svBpended , they 
are in constant action and are only resisted by antagonist forces: 
the amoMJit of tiwUon which reanlta iVom this reEistance measures 
the convertible force. Only force in action — which is Itnown as 
living force, or vis viva—U convertibic. 

418. Relations of Eilatter and Force. — In the study of nature, 
questions of force are becoming more and more prominent. The 
things to be explained are changes—BXitive effects— moljons ia 
ordmary matter, and the tendency is to regard matter, not as 
acted upon, but as in itself inherently active. The chief use of atoms 
is to serve as points or vehicles of nwUon. Thus the study of 
matter resolves itself into the study of forces. Inert objects, as 
they appear to the eye of sense, are replaced by activities revealed 
to the eye of intellect. The conceptions of 'gross,' 'eon-upt,' 
' brute matter,' are passing away with the prejudices of the past, 
and in place of a dead material world, we have a living organism 
of spiritual energies. 

419. The principle of the correlation of forces is one of the 
most frnitful and far-reacbing that science has established. Its 
introduction foi-ms one of those intellectual epochs which change 
the standpoint of the philosopher, revealing old questions in new 
aspects, and bringing many new ones into view. It teaches with 
a new emphasis the gi-eat lesson of the unity of the universe, and 
the brotherhood of the agencies through which it is governed. 
And as the policy of the Divine Administration is one, there can 
be no douht that the prmciple applies not only to physical forces, 
but to all forces. Its operation has been traced, as we shall see, 
in the field of organization, and it opens a new and promising 
method of studying the various activities of human sodety. 

chemical force wblietliat force is etill in action? 418. 'What are to be rEgaracd In 
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ORIGIN OF THE SCIENCE— ALCHEMY. 

420. Tlie Four Ancient Slemsnta. — Thouglitful minda, as we 
have previously stated, never rest satisfied witli appearances; 
they always seek for reaaoM aJid causes. This was the case in the 
most ancient times ia regard to the objects of nature. They were 
held to be, not what they seemed, but fonned of various commix- 
tures of four eloments, fire, air, earth, and water, and for thou- 
sands of years the properties and changes of all substances, 
animate and inanimate, were explained on this hypothesis. 

421. This view waa not without its philosophy. All bodies, 
it was said, must be either hot or cold, moist or dry. These aro 
fundamental properties, and their various unions produce the four 
elements thus : 

Dryness and W(irmth. and Moisdire and Di^esa and 

WarnU^ pivdiiee Mbistwrs-- €old— Cold— 

Fibe; Aih; 'WATEtt; Earth. 

These elements fire, air, earth, and water, may he transmuted into 
each other by exchange of properties. Thus, if cold is added to 
air it destroys tho warmth and conycrti it mto w ter 1 y the 
substitution of dryness for moiatnre witer ii transformed into 
earth ; while, by reversing these changes earth bi-comes water, 
and water, air. Thus, ty the cctmriimcation, of jrojerties all 
things were supposed to be produced the predommating element 
giving character to the body 

prejudices are pasring nway 1 420, How -were the oyoclB of nature rBgardud in 
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422. The Foundation of Alchemy. — Tte loading idea of the 
doctrine of the four elements was th.e instability of the propertieB 
of matter. They were held to hs like clothes which we put on 
and off at will— mere shifting and communicahle things, tke addi- 
tioa or subtraction of wliich transformed one substance into 
another, Water was poured upon quick lime; it disappeared and 
was transmuted ; that is, it lost the properties of water, and ac- 
quired those of stone. A small plant io a weighed portion of 
soil, hy the addition of pure water only, grew into a vigorous 
'shrub, increasing many pounds in weight, while the soil lost but a 
trifle. "What more natural, therefore, than to suppose that water 
was 'transmuted' into a lining structure. This ancient and deeply 
established belief was the starting point of the labors of the al- 
chemists, who were the earliest chemists. 

423. For centuries, philosophy had taught that th p p ti b 
of matter ai-6 tranaferable;-'tlien,' said the alchemists, '1 t t ans- 
fer to lead and iron the properties of gold ! ' All hoi h g 
a metallic Insti'e and appearance, tbey naturally r gard d as 
metals; such as preserved this lustre when exposed t fl w 
called jwSfe, or perfect metals, while those which lost th it 1 tre 
and malleability by heat were termed taie metals. T! m I'd 
were, moreover, r^arded as compounds consisting f pp te 
elements, one of which made them pure, and the other ba th 
rank being determined by the relative proportioas of the 1 ra nt 

424. PlaaalMUty of the Idea.— ITor were these ti w m 
idle speculations ; they seemed strongly supportad lij fact. Th 
alchemists saw that the lead ore— pttlewa, had the metalli Inat and 
color of lead ; they, therefore, believed it to be a real metal. But, 
if heated, it gave off sulphur, while, at the same time, all its 
metallic properties — lustre, malleability, and fusibility — were 
heightened, and it became true lead, or a more perfect metaL 
What more reasonable than to suppose, that by the separation of 
a little m,OT_e sulphur, it might be still further purified, and 
changed to silver! And when, on further application of heat, a 
certain amount of silver was actuallf oMained from tho lead, and 
from this silver a trace also of gold, it was not surprising that the 

422. What wfle the leading idea ot tile pLiloBopbyl What Rommon phoDomcna 
wetQ intctpteted as instaocea of IranMBUlattoo ? What did tlie alctiemtsta pro- 
poaot Wliat bodies W6I-B called metals! How were they divided 1 WIinE wns 
their composition 1 424. By what exparimente and renaonlng did they sastalu Iha 
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aloliemist Bliould honestly believe that he had created the three 
metals, and that ty perfecting the operatioc, he could convert all 
his galena into gold. 

425. Again, the alchemists knew that the braiiaat metal mer- 
cury Tolatilizes by heat and disappears in invisible vapor. Hence 
when a base metal lost ita lusti-e in the Are, or rusted in the air, 
they supposed it was caused by the eacape of flie volatile mercury, 
which they regarded as the pure metallio prmoiple. Thug, by 
diminishing their sulphur and increasing their merctiry, the 
alchemists expected to finally perfect or ennoble all the base 
metals; — that is, turn them into gold. The wondrous substance 
which should have the power of expelling the sulphur, fising the 
mercury, and thns accomplishing transmutation, was universally 
believed in and sought for under the name of the Philosopher's 
Stone. 

426. The alchemists, moreoYer, drew snpport for their belief 
from all imaginable aourbes. The metals were held to grow like 
plants, and tlie philosopher's stone was, therefore, the seed of 
gold. Tliey said also, ' Does not fermentation transmute the sweet 
jtiioes of plants into the invigorating and youth-giving water of 
life (aqua vitse, alcohol) ? Does not digestion transform food into 
blood!' In a decree of 1428, Hbbet Y1., of England, declared 
' that the clergy should engage in the search for the philosopher's 
stone, for since they could change bread and wine into the body 
and blood of Christ, they must also by the help of God snceeed in 
transmuting the baser metals into gold.' 

427. But the doctrine was carried much farther. If the metals 
might be thus transformed, whrit should limit the magical power 
of the transforming agent I Other transmutations were equally 
possible, aa that of weakness, pain, and disease into robust and 
pei'ennial health, and thus the marvellous stone became also a 
iiniveraal medicine : or it might even change the decrepitude of old 
age baok to the vigor and fire of youth, and thus become the ejimir 

428. Motives of the Alchemists. — -We can now comprehend 
the power of the ruling motive that first drove men to investiga- 
tion. The love of knowledge and the desire to explore the secrets 

laenl 426. Wliatwaatiephllosopher'aitoneJ 128. What other oommon ohauBEa 
gavB Bupport to the lieHaf 1 127. What led to tbe aean* for a unlvorsal medicine end 
tlieelliirofllfel 423. Why was alchemy uecasaaiy I 129. Wiat liiBtanoea are glTen 
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of nature in quest of tnith, wers not sufficiently strong incentives 
in tliose daja of darkness and ignorance. A mightj incitement 
was required tliat should rouse tlie most powerful passions of 
hnman nature, and this was providentially furnished by the helief 
in the philosopher's stone. Its posaesgion would secure all the con- 
ditions of earthly happiness— houndless wealth, perpetual health, 
eternal youth ! — and for these ineffable prizes the alchemists labor- 
ed day and night, devising esperimentg, inventing processes, ran- 
sacking nature in a thousand directions, and putting her to every 
conceivable torture to wring out the wondrous secret. The ob- 
ject sought was not attained, but the foundations of chemistry 
were laid. Men working in the direction of an illusive purpose 
made many discoverieswhioh they could not appreciate, but which 
were invaluable to the world. 

439. Hesulta of their Labors.— For example, a cobbler of Bo- 
logna, named Oasoaeiolo, who divided his time between shoe- 
mending and alchemy, discovered in one of his rambles a heavy 
stone now known as the mlfhate of liaryta. In experimenting 
vrith it he obtained, instead of gold, a most extraordinary sub- 
stance — 'a light magnet,' 'which absorbed the rays of the sun 
by day to emit them by night.' The cobbler was in ecstasy ; if the 
strange body could absorb the golden light of the sun, it might 
surely convert the base metals into gold — the eol of the alchemists. 
Tlius was discovered the sulpliuret of iarium, the first substance 
known to become phosphorescent by solai- action. Again, an 
alchemist in Hamburg, named Beaitot, long baffled in the seai'oh' 
for the philosopher's stone, reflecting one day on the yellow color 
of urine, suspected that it might contain some gold-engendering 
principle. He began espenmentmg, and after years of toil, at 
length discovered, not gold, bnt phosphorus I In the snme way, 
the alchemists sought for the alcakest — the liquid that should 
dissolve all things , they failed, but discovered those powerful 
solvents— sulphuric, nitric, and muriatic acids, which have largely 
contributed to the arts of civilization 80 the search for the elindr 
of life revealed manv pitcwua substances for the alleviation of 
sufi'ering and the inciease of human enjoyment. 

430. Vitality of theu: Idea —The powei and persiatenoe of the 
fundamental idea of the alchemists are surprising. It was only 

where Uieseorcbeiiaca in fllsco^eiy! 430. What is said of Uie peRietcueo of this 
belief! 4S1. How must alchemj-ba iDlorpreted) Wlat is ils relalloii to ehem. 
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near the close of the last century that the ancient helief ia the 
transmutation of the elements was finally overthrown ; and we 
can now hardly conceive how deeply it was interwovea with 
nniyersal thought. The great French chemist LivoisiEE gave a 
coarse of public leotui-es with elaborate experiments to show that 
water could not bo transmuted into earth ; while an Italian philos- 
opher went carefully into the proof that water from melted Al- 
pine anows was of the same nature as that from common springs 
and wella, 

431. Alchemy, it is well known, was mised up with maglo, 
astrology, and various gross impostures, yet those who denounce 
it as utterly visionary and absurd, profoundly misread this chapter 
of man's mental history. Alchemy fonned a natural stage in the 
growth of the human mind, and must be interpreted in connection 
with its period. It was the offspring of tie old philosophy, but 
the parent of modem chemistry, and must always have a memor- 
able interest as the first experimental grapple of man with nature. 



CHAPTER YII. 

THE ATMOBrnERIC ELEMENTS. 
(OSGANOGENS.) 

432. Inorganic Chemistry is that branch of the science which 
treats of the propLitic rf th? chemical elements, and of the com- 
pounds tiny form independent of the influenee of life 

433. Classification of the Elements — The simple hodies arc 
divided into two classes, metals and m-etalioids, or non metallic 
elements This general distinction is ohiious and useful, but it 
corresponds to no clear line in nature as the elements pass into 
eich othei gridually, two or three being ranked hy some w 
metal-, and by others as metalloid- 

434 We first consider thee four remirkable elpmenta, Osy 
jten, H^dlogeIi, Nitrogen, and Carbon which hive tiio Icadins! 

anic ohcmlBtryS 43S How ore (ho b mple liodlLB 
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share in the world's economy. They form the atmosphere, and 
are, therefore, termed the Atmospheric Group, They are, also, 
the chief constituents of the vegetable and animal world, and are 
henoe called OrganogeTis — generators of organization. ITest come 
Chlorine, Iodine, Bromine, and rinorine, bodies which comhine 
witii metals forming saline compounds, of which common salt is n 
typo, and henoe called by Bebzbuds, Halogens, or salt formers. 
Sulphur, Phosphorus, Selenium, and Tellurium form a comhns- 
tible group termed Pyrogens, or fire producers. Lastly, Silicon, 
and Boron are associated together as Syalogem, or glass formers. 

1 1. Oaygen. 
Si/mM, 0. Equivalent, 8. Spec^ Gramty, 1.1087. 

435. We begin the study of chemical substances with that 
most remarkable and important element, o^gen gas. The word 
gas, which is applied to thia vaporoTis bodies liie air, ■was first 
used ia the seventeenth centTii-y, and is an interesting memorial 
of the state of mind out of which the science of chemistry gi'ew. 
It had been ohaerved that strange things occurred in certain 
mysterious places, as chm-ohyards, caves, and the bottoms of 
mines and wells ; — there were lurid flames and sulphurous fumes, 
violent explosions, and sudden death. These were supposed to be 
the work of invisible apvrita. In the operations of alchemy, ves- 
sels would often expiode with danger to those around, and this 
also was attributed to the vesed and imprisoned spirits who thus 
avenged themselves upon their tormentors. ' The devout alche- 
mists, therefore, commenced their experiments with prayer, and 
stamped upon their vessels the mark of the holy cross ; — hence 
the name crucible.' To these invisible agents. Von Helmont 
first applied the term gas, from gaMt or geiat, a ghost or spirit. 
The terms spirit of wine, spirit of nitre, &c., are also signiflcant 
of the superstitions of those early times. 

436. Discovery of Oxygen. — This gas was discovered by Dr. 
PmEsTLGT, of England, in 1774, and rediscovered in the following 
year by the Swedish chemist, Soheele. Its discovery is also 
claimed by the French chembt, Lavoisier. There was a beautiful 

alderl What are they called, and why! How ars tho remaining niBlnlloiaa 
groupodf 4S5. WhatiBogas) Wheiicels the term declvBd! OHgin of the lenn 
enu^bleJ 438. Whon and liy whum woa oxygon discovered ! What is eaid of th6 



d^vGoogle 



significance ia tlie form of PBiBSTLBr's celebrated esperiineiit. He 
HuTjmitted one of the compounds of mercury to the rays of the sun, 
concentrated by a huriiiug-glaigs, when osj-gen was set free. It was 
fl.tting that the sun, who, by his chemical relation to oxygen, con- 
trols the destiny of the living world, should himself first summon, 
tliis wonderful agent into the conscious presence of man. 

437. Its Importancs. — This has heen justly pronounced the cap- 
ital discovery of the last century, riTalling in importance the gi-eat 
discovery of gravitation, by Newton, in the preceding ceatury. It 
formed one of the great eras in the progress of human knowledge ; 
it put an endtoold theories, laid the foundation of modem chemical 
science, and furnished the master key by which man has been enabled 
to open the mysteries of nature. Bnt while the discovei^ of gravi- 
tation is unsurpassed ia grandeur, that of oxygen is fai- more vitally 
linked with the course of earthly affaire. 

438. Of its vast practical consequences, Prof. Liebig obsei'ves : 
'Since the discovery of oxygen, the civilized world has under- 
gone a revolution in manners and customs The knowledge of 
the composition of the atm si he e of the soh 1 st of ti e e rth 
of water, and of their nflne e pon tl e 1 fe of i Imta and 
animalR, waa linked with t! at d sco e y The nc e st 1 pn -s t 
of innumerable trades and man f ct res the profitable sepa t on 
of metals from their ores also stand n the clo e t co nect on 
therewith. It may well be sa d that the material p o penty of 
empires has increased man foil sn e the tmio os j,en be ame 
known, and the fortune of everj nd lu 1 li s 1 een aUome ted 
in proportion.' 

439. Preparation,— Oxygen mav be p ocured manv ^aj? 
To obtain a large supply we may heat to edne s ! lach o de 
of manganese in an iron hottle litted w th a lei e ng t be 
through which the liberated t,a» scapes A [ ound ot tb ox de 
usually yields about 1,400 cubic inches of impure gas. The chem- 
ical changes which take place may be thus aspi^eesed ia symbols : — 

3MnO,, give HnO,Mn,03-f20: 
that is, the peroxide of manganese is changed to two other com- 
pounds, and loses one third of its oxygen in the process. 

440. By a New Process. — It has lately been found that by 

aiscovfiy ! How atd Pbiestlet make the dlecoTeiy I 4BS. ■What doBB Fl-of. 
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mising nitrate of soda, NaO, KOi, with orudo oside of ainc, ZnO, 
in the proportion of 10 lbs, of the former to SO lbs, of the latter, 
and heating them to redaess in an iron retort, a large amount of 
oxygen is rapidly given off, diluted with about 40 per cent, of 
nitrogen. The mixed product contaias about ttree times as much 
oxygen as the air, and may prove valnable for somo heating and 
illuminating purposes, as ita cost ia said to be but one fifth that 
of oxygen by any otker process. 

441. From Chlorate of Potash.— It can be obtained stiil more 
pure, and very reidiJj fiom ^^^ ^^^ 

chlorate of potash Iwo oi 

three hundred giaias of the salt 

are placed in a glass retort 

wliicli is fitted tightly with a 

cork containing a gltss tube 

bent so as to dip under the alielf 

of the pneumatic trough. Fig 

108. The retort ii heated, and 

the chlorate gives ofi moi i- th \a 

a third of its weight of g is an 

ounce furnishing nearly two 

gallons. This salt consists ot clilono acid and potash, and in the 

change chloride of potassium is formed, the wtole of the oxygen 

being disengaged — thus 

KO,CIO,=KC1+60. 
The decomposition of the chlorate is much facilitated by mising 
with it one fourth its weight of oside of copper, or black oside of 
manganese thotoughly dried. These substances take no active 
part in the ehaiise, but seem to aid the decomposition by simple 
presence (catalysis). 

442. The Paeuiaatlo Troi^h ia a vessel by means of which 
gases are collected. It is usually filled with water, just under the 
surface of which there is a perforated shelf for the support of 
jars. Fig. 198. The jai, filled with water, and inverted, is lifted 
nearly out of the liquid, and slid upon the shelf; the water being 
snppoi-ted above its level bj atmospheric pressure (863). A eon- 
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vejing tube bends under tbe shelf, from ■which the delivered gas 
rises into the jar, displacing the water. It may be then slid off, 
month downward, into a Bhallow vessel, containing a little water, 
and kept for nse. In Fig. 168, the trough ia represented as haying 
glaas sides which are very convenient for showing effects in the 
lecture room. The best form ia 
that of a cistern, Fig. 169, so deep 
that jars may be conveniently in- 
verted in it, and with a large shelf 
> forholdingseveralof them. Gasea 
may be transferred from one ves- 
sel to another by pouring them 
upward, as shown in Fig. 169. 
' The vessel to be fiDed with gas is 
first fiKed with water, inverted, 
Pnenmatic Trough ^°^ ^'^ mouth raised nearly to the 

surface of the liquid. The mouth 
of the vessel containing the gas is then bronght under the other 
by gentle inclination, and the gas rises ia bubbles, displacing the 
water, and filling the second jar. 

443. Physioal Properties of Oxygen.— Oxygen is a transpa- 
rent, colorless, tasteless, inodorous gas, about .V heavier than the 
atmosphere, and forming 23 per cent, of its weight. It refracts 
light the least of any known substance, and has never been con- 
densed into a liquid. It possesses weak magnetic properties, hut 
loses them at a high temperature. The magnetic effeet of atmo- 
spheric oxygen has been estimated as eqnal to a film of iron cov- 
ering the earth gj^ of an inch in thickness, and, as this property 
varies ivith the daily temperature, it is supposed that it may he 
concerned in the diurnal fluctuations of the needle. Osygen is 
slightly soluble in. water, 100 gallons of which absorb about 41 
of the gas. 

444. Its Oheinlcal Properties.— Osygea is perfectly neutral, 
possessing neither acid nor alkaline qnalities : but, though mild and 
bland and apparently the very type of passiTeneas, this snbstanco is 
endowed with tbe most extraordinary power. Its attractions are 
the most intense and varied of all the eloments. So remarkable ia 
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its adaptive power that it combiaea ■with svepy one of the simple 
bodies (escept, perhaps, fluorine), giving rise to componnda of the 
most opposite and diverse properties. A glance at the ehemioal 
chart shows the wide range of its afBnitJes. With some elements 
it forms gases, with others liquids, and with others aohda. Some 
it holds so slightly that they are readily separated, and others it 
seizes with such power that the utmost skUl of the chemist 13 
tasted to force them asunder. Uniting with one set of bodies, it 
gives rise to neutral compounds, with another to corrosive acids, 
with another to burning alkalies. With some elements it forms 
nourishing food, with oUiers deadly poisons ; mingled with an in- 
visible body like itseH, it forms the air we breathe, and united 
with another twenty times lighter and rarer than itself, it pro- 
duces the water wo drink. 

445. The oxygen of the air (about 
one fifth of its weight), is equdly diffused 
throughout it, and esists in a free or uncom- 
bined condition. All combustion in the 
open air is the result of the action of oxy- 
gen. It has a powerful affinity for the ele- 
ments of which fuel is composed, and unites 
with them with such violence as to give 

, rise to the heat and light of our ordinary 
fires, as we shall see in Oombustion (588.) 

446. Oombustion in Osygsa. — All sub- 
stances which burn in air, bum in pure osy- 
gen with greatly increased brilliancy. If the 
flame of a taper, Fig. 170, be extinguished, 
and a single spark remain upon the wick, on 
plunging it into ajar of pure oxygen, it wU! 
be re-]it and burn with extreme vividness ; 
and this may be repeated many times in the 
same vessel of gas. The combustion of a 
splinter of wood is brilliant, and a piece of 
bark charcoal glows and scintillates in the 
most beautiful manner. 

447. Substances usually considered in- 




Osj-gcn, 



propottlBsS What sitraovdiHC 
abowa -what I ■ Give osaiopleB. 
Wliat is Its offloo ill oombna 



-y powor doi 



tit possess! Aglance at Uie cl 

Btata doea oxygen eilst In the : 

Deeeiibe the experiment, F^. 1 



d=,Google 



183 IKOEGASIC CHEMISTKT. 

combustible also bum violently ia oxygen. If a piece of fine iron 
■wire (or, better still, a steel watch spring) be coiled into a spiral 
and then tipped with salphur, ignited and introduced into a Jar of 
oxygon, it burns with dazzliug brilliancy and splendid comisca- 
tions, rig. 171. Occasionally globules of wMte-hot u'oc fuse into 
the glass even through an inch depth of water. 

448. If a jar of oxygen be inverted over a stand upon which 
there is a little burning sulphur, a beautiful blue light is emitted, 
d tb fum 1 d d ■ It d ■ 
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from maohinej^, and then laid away in heaps, often ignites in this 
manner, eapecially if exposed to the sun. 

450. Bremaoausis. — The cause of decay in vegetahle and ani- 
mal substances is the action of osjgcn which hreaia them up into 
siinpler and more permanent compounds. This alow combustion 
is called by Lieeig m'smacwmis. Osidation is also the grand pro- 
cess by which the earth, aii', and saa are purified from contamina- 
tions ; noxious vapors and pestilential effluvia being destroyed by a 
process of burning, more slow indeed, but as real as if it took place 
in a furnace. The offensive impurities which conetantlj flow into 
rivers, lakes, and oceans, as well as the decaying remains of the 
living tribes which inhabit them, are perpetually oxidized by the 
dissolved gas, and the water thus kept pure and sweet. Tor this 
reason waters that have become foul and putrid are purified and 
sweetened by exposure to the action of air. This effect, however, 
is largely dependent upon a condition of oxygen which has been 
but lately discovered (456). 

451. Helatioit of Oxygen to life. — Oxygen is the universal 
supporter of respiration, and, as this is the most important of the 
vital processes, it is hence the immediate supporter of life. From 
this circumstance it was first known as mtal air. An animal con- 
fined in a given bulk of common air, having consumed its osygen, 
dies. If immersed in pure oxygen, it lives mnch longer, but the 
effect is too powerful— over-action, fever, and in a short time 
death, are the result. As the introduction of oxygen is the prime 
physiological event of animal life, the mechanism of bU Uving 
beings is constructed with reference to this fact. The lungs of the 
h^her races, the spiracula of insects, and the gills of fisJies, are 
all adapted to the same purpose — the absorption of oxygen, either 
from the air or water. The animal organism is chiefly composed 
of combustible constituents, and we introduce this wonderful 
element incessantly, day and night, from birth to death, that it 
may perform its chemical work. Tlie animal body is an oxidizing 
apparatus, in which the same changes occur that take place in tlie 
flame, only in a lower degree, and a more regulated way. Every 
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organ, musele, nerve, and membrane is wasted away, burnt to 
poisonous gases mi &shes, and ttrown. from the system as dead 
and dangerous matter. If these constant losses are not repaired 
by the duo supply of food, emaciation, decay, and flnally death 
ensue. Starvation is thas unimpeded oxidation— slow burning to 
death. 

462. Bate of Consumption of Oxygen.— Of the 15 lbs, of air 
over every square iooh of the earth's surface, one fifth is oxygen, 
A man consumes by respiration about 2 ibs. each day ; that is, he 
withdraws daily all the osygon from a column of air two thirds 
of an inch square, and reaching to the top of the atmosphere, or 
45 miles high. In a year he removes all the oxygen over a space 
of 243 square iachcs, and in 70 years from an area 118 feet square. 
Six pounds of pure coal, in buraing, consume 16 lbs. of oxygen ; 
a steamship, therefore, which should bum 1,100 tons of coal in 
crossing the Atlantic, would consume nearly 3,000 tons of oxygen. 
Assuming the population of the globe 1,000,000,000, and that each 
individual in respiration requires but 1 lb, per day, assuming as 
much more for the processes of combustion ; and twice as much 
for the respiration of the animal kingdom, and then doubling this 
whole quantity for the universal and unceasing functions of decay 
(probably far too low an estimate), we have an aggregato of over 
7,000,000 tons of oxygen withdrawn from the atmosphere each 
day. The oxygen in tho atmosphere is computed to he about 
1,178,153,000,000,000 tons, which, if separated from tlie air, and 
forming a layer of uniform density upon the eartli, would be one 
mile deep. 

453. Oxygen in the World of Waters,— Enormous as this 
quantity seems, it is in reality but the bare starting point—the 
unit of that stupendous scale of prodigality, with which this 
element has been distributed in nature. Osygen, condensed into 
800 times less space, is the chief constituent of water, forming f 
of its weight. The ocean covers two thirds of the earth, and is 
estimated as averaging two miles in depth. Could the oxygen 
imprisoned in this liquid form be set free, it would be sufficient to 

What 18 etarvflHooI 462. How mueh oiygen does a man conaumo in a ilay? 
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form an atmosphere aroTind the glohe, nearly & thousand milea 
deep, aad of the same density as that now at the level of the seal 

454. Propoi-tioii in the Solid Earth. — And these proportions 
are as nothing compared to the incalculahle quantities of oxygen 
wrought into the soMd fabric of the world. Of the three min- 
erala which form the chief mass of the earth's orust, siUsa, 
alumina, and Ji-me, the first, and by far the most extensively dis- 
tribnted, contains more than one half its weight of oxygen, and 
the other two almost one half. It constitutes, also, three fourths 
of the weight of all animal bodies, and four fifths of that of the 
vegetable world. Tims, one half the ponderable matter of the 
earth, so far as man has explored it, is made up ot a single chemical 
element, while the oi'owning wonder is, that when called up before 
us by the magic of chemistry, it is but an invisible gas, — no man 
has ever beheld it, — it seems the very type of spiritual esiatence 
and invisible power I 

456. Office In Nature. — The part played by oxygen in the 
scheme of nature is imposing in the highest degree. In virtue of 
its boundless abundance, its diffusive nature, the vast range and 
strength of its attractions, and the unchangcableness of its com- 
binations, if would seem fo have been appointed to the grand 
office of taking chai-ge of all the other elements, and bringing 
them into an orderly and permanent sj'stem. The rocks and 
waters of the earth consist of materials given over to its custody. 
Saturated with it they are in a condition of the most perfect 
ohemiofil stability. Enveloping our planet in its free condition, it 
manifests an irresistible passion to seize upon and possess all 
things. The deadly foe of life, it would destroy all organized 
beings, and pursuing them to the very tomb, decompose and dis- 
solve their structures, cariying back their elements to the quiescent 
mineral world. This element has, thorefure, been personified aa 
the genius of the air — -an omnipresent, destructive spirit, which 
holds the globe in its consuming embrace ; which revels in con- 
flagration, and would reduce all things to ashes and rest. But the 
earth has not been left to the operation of its own forces. Celes- 
tial radiations arc the antagonists of oxygen, and their agency in 
saving the world from its desolating influence, will be shown 
when we consider the subject of Physiological Chemistry (1194). 

Hi. "Whot proportion of the earth's uruat is osygtH! O! animal twdlea? Of 
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456. How Produced. — When electrio sparks are passed througi 
dry wr, a peculiar odor 13 perceived which lias Leen called the 
' electrical smell.' There was much doubt abont the cause of if, 
until the investigations of Prof. 8oh5nbeih showed that it was 

Fia 174. ^'^ allotropio form of oxygen. From its 

peculiar odor, its discoverer named it 
m. Oxygen may be oonTerted mto 
me, not only by eleotilcity, but in va- 
us other ways. If a piece of phospho- 
be placed in ajar, and partially covered 
■with water, its slow oxidation will soon 
produce ozone. Or, if we place a little 
ether in an open vessel, and then introduce 
-) its vapor a moderately heated glass 
Making OTODB. ^^^^ pjg_ -^ j^^ ^^^^^ promptly appears. If 

it he passed through a red-hot tabe, it will be changed into com- 
mon oxygen' and even a temperature scarcely above that of boil- 
ing water robs it of all aclive power. 

457. Properties and Teat of Ozone.— Ozone seems to he oxygen 
greatly intensified in activity. It is armed with a new energy, and 
is capable of producing changes which, in its ordinaiy stjite, are 
impossible. It corrodes metals upon which before it could not act, 
for example, silver ; it quickly bleaches out colors, which are com- 
paratively permanent iu the air ; it deodorizes tainted flesh, de- 
stroying its effiuvium instantly, and carries woody fibre in a short 
time through a course of decomposition, which, with c 
oxygen, would require years. This increased activity b 
test of the allotropic condition. Ozone replaces iodine in its com- 
bination with the metals ; an efi"ect osygen cannot produce ; 
hence it decomposes iodide of potassium, setting free the iodine. 
JTree iodine combines with starch, turning it blue; therefore, a 
test of ozone is made by soaking slips of paper in a mixture of 
starch and iodide of potassium. The slightest trace of ozone 

aiidof Uisoffiooofojygcnlnnatiiref 466. "Wliat la oioae? How fail produoeai 
Ej-wliat is It destroyed t 4B7. What aro the properties of oiono! What ifl Hie 
test of ItB pcosenos! Gi™ erampleBl "What la Ub efEsot wJieii ■breathed? 
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■B mmediatoly blue. Osonized air irritates the respiratory 

a and a minute fraction of a gi'aiu kills a rabbit. 

463 f some of the prepared paper be exposed for a few 

tu nu tlio open air, it will often ttirn bine, which is supposed 

t ng to the presence of oaone. The amount of ozone in 

he air yariable, and winds blowing from the sea are said to 

am more of it than those which sweep over large tracts of 

and Of its mode of prodnotion in nature nothing is known; it 

m be ffeoted by electrical inilnence. It is probable that it is 

no ted on a lai'ge scale in the atmosphere, and that it subserves 

a gh p rpose in the economy of the globe as a purifier of the 

air and hastener of decay 

459. Tlieory of Oxoae — Theie is much nnanimity of opinion 
as to the explanation of ozone among those who have most ably 
investigated the snbioot, and the view has all the more interest as 
it is part of a geneial chemical dootime which lias lately become 
prominent. 

460. It is well known that bodies when in combination pre- 
sent characters very different fi'om those which they exhibit in 
the free state. It suems, m fact, that few, if any elementai-y snb- 
atancea are actually known to us in their uncombined condition, 
and that what we call the ' elements ' are, in reality, compounds 
of at least two atoms of the true element with each other, the 
atoms being probably in different states. Thus hydrogen gas is 

not simply H, '>i* tt f i "^ Ha, or hydride of hydrogen. Ohloi-ine 

gas is not 01, but ( , or chloride of chlorine ; while cyanogen is 

not Oa K, but Q jT [ , or cyanide of cyanogen. According to 
this view the term atom applies to that smallest part of an element 
which can enter into combination, hut which is not known in a 
separate forai : while the word molecule is nsed to indicate the 
smallest qnantity of any element which can esist in a separate 

state. For instance, H" is the atom, of nitrogen, ^f its molecule. 

463. n™ Ih it detected in the ak? What winds prodoco tlio greuteat effect) 
Itow is it produced In iiaturel What purpoBc does it subaerve ? 40B. What is 
eaid of (he theuiy of osono ! 450. What is probably the state of the eo-cahod 
olemenlsl Give esamples. Wbat tlien is meant by flIOBif Whatby moleeiilef 
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461. Prof. Brodie tnaintaina that when two particles enter 
into union with each other, it is because they are in different 
states — chemically pcaitke and negative. Substances cannot com- 
bine with each other unless they are in this polar condition, and 
they retain it in. combination. Silver is not oxidized by common 
oxygen, because they do not become polar by contact. Hut if 
silyer and oxygen are already combined with other elements, and, 
therefore, in opposite states, they may be made to unite with each 
other. Thus, ia chloride of ailver, the chlorine is chemically 
negative, and the silver chemically positive; in oxide of potas- 
sium, the oxygen is chemically negative, and the potassium chem- 
ically positive. If these compounds are brought together, double 
decomposition results, and oside of silver is formed thus : 

CI Ag „ CI K 

K Ag 0. 
According to this view, ordinary free oxygen is a medium or neu- 
tral body, produced by atoms which are chemically positive and 
negative ; as = Os, the molecule of free oxygen ; while ozone 
is polarized or decomposed oxygen, 

462. Schonbeln entertains similar views of the nature of 
ozone. He says there are two kinds or allotropio modifications 
of active osygen, standing to ea«h other in the relation of -H to — ; 
that is, there is a positively active and a negatively active oxygen 
— an ozone and antozone, which, on being brought together, neu- 
tralize each other into common or inactive osygen, according to 
the equation +6—0=0. 

§ m. Bydrogen. 
Sym. H. Squiv. 1. Sp. &r. 0.0693. 

463. Hydrogen was first described as an element by the Eng- 
lish chemist Oavbkdish in 1766. It is never found free in nature, 
but exists abundantly in comhinatiop, forming one ninth by weight 
of water and a considerable proportion of all organized substances. 
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The word hydrogen signifies generator of water, but it ia strictly 
no more applicable to this element than to oxygen, 

454, Preparation,— Hydrogen is generally obtained by the de- 
cjomposition of wat^r, which is effected in various ways. A cur- 
rent of eleetrioity passed through water liberates both the oxygen 
and hydrogen, when they may be collected separately (312). 
Steam passed through a red-hot gun barrel is decomposed by the 
iron which combines with the oxygen, setting the hydrogen free. 
It is commonly prepared, however, by the action of dilute sul- 
phurio acid upon bits of zinc. The zinc is placed 
in a bottle and covered wi^i water. A cork per- 
forated for the insertion of two tubes is then 
tightlyfltted to the mouth of the bottle Fig 175 
The tube for admitting the acid dips beneath tlie 
water ; the other delivers the gas, which v ool 
lected ia jai's in the same manner as osTgen 
The water is deooioposed by the ziiio which 
unites with its osygen, foiming oxide of zino, 
■while the hydrogen is set free and eacapei The 
sulphuric acid dissolves tlie oxide of zmc as fast _ ___ 

as it is formed, thus maintaining a clean metal 
lie surface continually in contact with tie witer Tht chinj^t? 
are represented by the following equation 

Zn + HO-i-80s = ZnO '^O^ + H 
The portions fii-st collected are not to be used, as, when mixed 
with air, hydrogen gas is always explosive. 

465. Properties. — As thus prepared, hydrogen has a disagreo- 
,able odor arising from the impurities of the materials employed; 
but pure hydrogen is a colorless, tasteless, inodorous gas, very 
shghtly soluble in water and very inflammable. All attempts to 
liquefy it, either by pressure or cold, have fiiiled. Dr. Faeabat 
found that it would escape through the joints of apparatus that 
were pel fectly tight toother gases; its atoms must therefore be 
comparatively much smaller. A stream of the gas directed against 
one side of a piece of gold leaf passes through so rapidly that it 
may be ignited on the other side. It is the lightest of all known 
substances, being 16 times lighter than oxygen and 141 times 
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lighter than air. This adapts it for inflating balloons, thongh coal 
gas (which containa hydrogen, and is ¥ery light) is generally used 
from its greater cheapness. Owing to its extreme rarity, a bell 
rung in hydrogen ia Boareely audible ; and when it is inhaled, the 
voice becomes remarkably shrill. Though pure hydrogen is not 
poisonous, it will not support life, and an animal immersed in it 
aoon dies from want of oxygen, 

466, Oombustionof Hydrogen. — There is a strong afGnity be- 
tween oxygon and hydrogen. If these gases are mixed (3K to 10, 
bybult), and then ignited, they combine with a violent explosion. 
Soap bubbles, if blown with this mixttye from a bag, rise, and if 
fired i\ ith a candle detonate like a pistol. The instantaneous con- 
densation of the gises produces a vacuum, and the sharp report 
IS tanked by the collision of the particles of air as 

8fhey ia>h in to fill the void, 
467 Burning bodies are commonly extinguished 
when plunged into hydrogen, although a jet of oxy- 
gen wiU bum in it. Oxygen and hydrogen burn 
quietlv when brought -cautiously into contact, emit- 
ting 1 feeble blue liglit. Three properties of hydro- 
gen may be shown by a very simple esperiment— its 
Buniiis Hydro, levity, combustibility, and explosiveneas, A jar is 
filled with it, and though held mouth downward, 
it does not escape If alighted candle be introduced, Fig. 176, it ia 
estmguished, while the gases bnra at the mouth of the jar. If the 
candle ia withdrawn, it is relit by the fiame at the 
mouth, while, if the jar is reversed, the hydrogen is 
mixed with a little air, and produces a slight explosion. 
468. If hydrogen is generated in a jar and allowed' 
to escape through a fine tube. Fig. 177, into the air, it 
burns, when ignited, with a small, steady flame, giving 
out but little light, though producing intense heat. In 
all cases where hydrogen is burned with ozygen, water 
is the product. If a cold, dry glass ia held over the 
'^''oaniS''*^ jet, it is quickly covered with a film of dew, which 
rapidly increases to drops of water. The gases unite 
to form atoam, which then condenses into the liquid state. 

UfleinbflllooQB? HotcIbH rolatei to aonnd? ToUfti! «6, How ia ita afflnlly for 
oiygenahoTFB? WliM cansea the erploalonS 487. Wtatia taught by thseiper- 
iraant.B'le;. ITfll 48S. What is iho ptodnot when hydtogm la Ijurnedf Howie 
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469.. Slngii^ Flames. — A common experiment is to lower a 
glass tube over the gas jet, as represented in Pig. 1Y8, when a clear 
musical tone ig produced. This ia explained hy supposing that the 
rapid current of air which rjsea tbrough the tube 
inteiTupts the combustion, and, mingling with the ^'°' ■"^■ 
hydrogen, produces a, series of slight explosions in 
such rapid snooessionasto cause a continuous sound. 
The pitch of the sound varies with the size and 
length of the tube, and with the size of the jot ; and 
a aeriea of tubes and jets may therefore be so grad- 
nated aa to give the notes of the musical scale. A 
very pretty effect is produced by introducing the 
flame a short way into the tube, which may be held 
steadily ia position bj a clamp. ITo sound is emit- 
ted ; if now the experimenter pitches his voice to 
the proper note, the flame begins to sing in unison. 
ApersoatwentyortHrty feet away, by thus speaking 
to it, causes the jot to start into song — a remarkable ' 
illustration of the efloct of transmitte<l pulsations. 

470. Combustion of Hydrogen by Condensation.— If a sma] 
quantity of the solution of the metal platinum he evapoiatid o. 
a piece of writing paper, and the paper burned, the metal remain 
in a state of fine division known as spongy pla- 
tinum,. If now a stream of hydrogen, be directed ^">- 1'^' 
npon a little ball of platinum sponge, it instantly 
becomes red hot, and remains so as long as the 
current lasts. The metal contains atmospheric 
oxygen condensed within its pores, and by con- 
densing the hydrogen also, their particles are 
brought within the range of affinity, and com- 
bination takes place with the production of heat. 
DobSkeinbe's lamp is a contrivance for employ- 
ing this principle. The outer glass vessel, a, 
Fig. 179, contains dilute salphurio aoid. The 
inner glass vessel, /, is without a bottom, and Doebkbikib'b Lamp, 
has suspended within it a piece of zinc. "When the acid comes in 
contact with tho zinc, hydrogen is immediately generated, and fills 
the vessel, /, pushing down the sulphuric acid bo that it is no 
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longer in contact witli the zinc, and tlie production of gaa of 
course stops. On toncting tto lover, c, a valve ia opened, and the 
jet of gaa, as it escapes, strikes upon the platinum at d, -which is 
made red hot. As the gaa leaves tlje vessel,^ the acid again, rises 
into contact with the zinc, more hydrogen is set free, and thus the 



471. But the porous condition of the metal is not essential to 
this action. Clean slips of platinum or other metals will coa- 
dense the gaaea apon their surface sufficiently to cause rapid com- 
hination. Other bodies also beside hydrogen, as vapors of alcohol 
and ether, may be oJddized hy this peculiar suriace action. Hy- 
drogen is remarkable among the elements for the enormous amount 
of chemical energy manifested by a small quantity of matter. Thus 
in combination it perfectly neutralizes 36 times its weight of the 
intense element chlorine, and extinguishes the properties of 125 
times its weight of iodine. 

472. Is Hydrogen a Metal 7 — Hydrogen in combination is re- 
placed by metals, and has many analogies with them (707) ; hence 
Dumas and others have supposed that if, like mercurial vapor, it 
could be condensed into a liquid, it would be found to possess a 
metallic nature. But it has been found that hydrogen is also re- 
placed hy the strongest anti-metal chlorine, and that its analogies 
■witii the chlorous elements are as numerous, as strongly marked, 
and as important as with those of the basjlons class. We must 
hence regard it as a neutral or intermediate body. 

§ IV. Corrvpmmds of Oxygen and Hydrogen. 

WATER. 

{Protoxide of Hydrogen.') Sym. HO. . Equiv. 9. 8p. Gv. 1.000. 
473. Of the importance of water in the economy of nature little 
need be said ; it is obvious to all. Jt is the most abundant sub- 
stance that we know, and it seems as if the whole scheme of na- 
ture were conformed to its properties. Turning to solid ice, or 
exhaling into invisible vapor, its changes of form involve the very 
history of the globe (1271). Rising from the ocean, condensed 
upon the land, and flowing back again to the sea, it carries on in 

tioii be effected ty tondeneation t Biplnin tie sotion of DoBEBEiHBB'fl lump. 
4U. Wtiat UluslratioDB are g^Ten of surface coDdeBsatioa t For what b Iiy- 
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ita oiroulation the graatl processes of the woild Composing four 
fifths the weight of the vegotablo kingdom and three fouiths that 
of the animal, it is the first condition of all oiginizxtion, and by 
innnmerable tvansformationa and decompo'^tioas, it is essential to 
the continoance of organic life. 

474. Nor is it less indispensable in the laboratory of the 
chemist. It is the ready, invaluable medium of a j,,g ^go 
thousand operations ; it is involved in neaily everj 
chemical procesiS ; in fact, the chemistry of water, 
theoretical and practical, might fitly be taten to 
represent the present state of the science 

475. Composition.— Water is a compound of ' 
8 parts by weight of oxygen to 1 of hydrvf,en, or d. 
by bulk 1 of oxygen to 3 of hydrogen. Its com- 
positioa may be proved in many ways, but one of 
the most simple is to throw a little metallic potas- 
sium upon its surface. The metal instantly decom- 
poses it, seizing upon the oxygen with such vio- 
lence as to produce vivid combustion, Tig. 180 , 
the water seems set ou fire. 

475. Buttheoompoaitionofwater maybe shown 
in the most perfect manner by sending an electric 
current through a vessel of it, Fig. 181, as alieady 
described (312). The gages are set free in the ex- 
act proportions given above a d f m ed t gether 
and ignited, they combine w th a I nd and sharp Kieoi 
explosion, the product be ng p e wat The posiimn. 
composition of water is th dem n t at d by both analysis and 
synthesis. An arrangement t pi d ng gases to determine tho 
amount of their condensation all d a -ff ? ometei: 

4ni. "Water is not only decomposed as stated above, but also 
by Bodiam, iron, zinc, and many other metala; in fact, they are 
classified according to their degrees of power in this respect. In 
numberless operations of chemistry, the elements of water are 
separated and reunited, and the same thing is going on perpetually 
in vegetable and animai oi^anisms. 
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478. General PropBrties.— Water, as is well known, is a traua- 
parent, tixaleless, iaodorous liquid. It is but very slightly con- 
densible ; according to Eebnaclt, being compressed 1-47 millionth 
of its biillt for each atmosphere of pressure (568), and is perfectly 
elastic, as it regains its full dimensions when the pressure is 
removed. It eysporatea at all temperatures ; boils at 212°, and 
freezes at 32°. At 60°, a cubic inch of pure water weighs 
252.466 grains, wliigh b 816 times the weight of an equal bulk of 
air. An imperial gallon weighs T0,000 grains, or just 10 lbs. 
The American standard gallon weighs 68,972 grains of pure dis- 
tilled water at the maximum density (484). In thin sheets, water 
is colorless, but when viewed in thick roasses, it has a decided 
tint. Light passed through fifteen feet of pure disUlled water, 
emerges of a bright and delicate blue-green, and by augmenting 
the thioltneBS, the color is deepened. Ifatural waters ai'e discol- 
ored by various impurities in diSerent places. 

479. Water Purified by Freezing. — During freezing, the sub- 
stances dissolved in water are expelled; hence the ioo of sea 

Y,B. 182. water {as is well linown to 

sailors), when melted, be- 

^S comes fresh water. For the 

5 S^^ ^^^ reason, water from 

W<S3^ melted ioo contains no air, 

'^1 ■^ nor gas — flsh cannot live in 

it. Ioo melted under spirits 

of turpentine, where no air 

cohesive, that it can 
be heated far beyond its boil- 
ing point, when it bursts into 
esplosive ebullition (388). 

480. Liquid FJowera in 
an electric lamp is made to 
portion of the heat is arrested, 
I. As it cannot warm the ice, it 
melts it. Bat the ice particles return to the liquid state in definite 
order, and, upon examining it with a magnifier, the iee is seen to 
be filled with beantiful flower-lilie figures, such as ate shown in 




Ice. — When a ray from the s 
pass through a block of pure it 
and must, of course, produce ch 
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Fig. 183. These consist of watei", but as the liquid formed cannot 
quite fill thespace of tte melted ice (484), there occnra a little 
vacuum, which looks like a globule of humiahed sOvor in the 
centre of tlie flower.* 

481. Snow Crystals. — The aqueous vapor of the atmosphere, 
condensed by cold in winter, or at great heights in summer, 
assumes the most beautiful crystalline forms— those of snow 
flakes. Perfect snow flakes are sis-sided stars, which shoot out an 
infinity of delicate needies, all diverging from each other at an 
angle of 60°, These frozen hlossoms, as they have been aptly 
termed, are seen in an endless variety of most exquisite forms, a 
few of which are shown in ITig. 183. 

482. The gi-eat apeoifio heat of water (274) is a powerful 
agency in controlling climate. It is four times greater than that 
of Mr; that is, a pound of water in cooling one degree, would 
warm four poimds of air one degree. But as water is 770 timea 
heavier than air, it is obvious that a cubic foot of water in cooling 
one degree, would warm four times 770 cubic feet of air, or 3,080 
cub feet one legrei, Henoe the vast amount of heat stored up 

n oceans and lakes bi, n^ g aduallj mipartid to the a d inng 
w nter mod fios the seventy of the cold and esplams the fact 
th t sland wmters are less severe than those of tontmonts or 
inlind places 

483 Tl e very stab I ty of nature feems tt depen 1 u] on this 
quality of the earth s aqueous element. If the watery masses of 



PrNDitt, who has advnncca tlieee tisaotlful reeearchefl, thus elogueDlly 

JO tbie property of ice ; ' To many persona here pitaGnt, Cbts blocfi of lea 
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beam,— or, faillna that, In the beam of an eleotrlo lamp, we have en anatomlrt 
competent to pSbrm iUs ■wotlt. It ehall nuJl the oryatal edtOoe to pleoBB, by 
HQonrately reveralne the onler of its erchiteotnre. - ^lenlly and. ^mmet^ally tbe 



HQonrately reveralne the onier of its erchiteotnre. - Klenlly and ^mmetrl 
oryalallMng Ibree biJlflB up tbe atoma, silently and Bymmatrleally the 
beam will tate them" down f Probably ft w bere pMasnt were aware of 11 

latentlna" ■ " i .. . . . 

tbroogbont 
the North] 
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the globe, and that large proportion of it contained in our own 
bodies, lost and aoquiied heat as promptly as mereury, the Taria- 
tioDS m temperature would be inconceivably more rapid than 
now, the inconstant seas would freeze and thaw with the great- 
e-Jt fecility, while the ahght«st changes of weather would send 
their fatal undulations through all living systems. But now the 
laige amount of heat accumulated in bodies of water during sum- 
moi, IS given out at a slow and measured rate; tlie climate is 
tempeied, and the transitions from heat to cold are gradual and 
modtrited 

484. Unequal Ezpansion of Water.— This liquid contracts as 
its temperature fills Irnni the boiling point till it reaches 39°, 
when it lemains statmmry for a time. It then begins to expand, 
and in cooling through 7 degrees to the freezing point, it reaches 
the same volume it had at 48°. The point of greatest contraction 
is called the moMm/um density of water. This fact is of great 
importance in nature. If water continued to contract as it cooled, 
it would be denser and heavier at the freezing point, and, conse- 
quently, sink. Lakes and rivers would then, begin to freeze at the 
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bottom first, and, in the course of tbe winter, would become solid 
m f wl 1 til 1 g li f t m J I t th h m 

Id g ly p I g tl- Id B t li f t t m 

fwtepi lihf ptlt tpds 

d b m gigiit il 3, d th th 11 t w t d 
it pt h rfao wh asthy Imtpft 

d tors t h t til J- r t t til ma. f w te b 1 w 1 m 
tb Idb If wtexpdwtb lijwis 

t b rst th t I, IP It til gb th m te 

dfiss f k ram tf w t d 

pd thf hhllhsollt mbl g 

th mt 1 iit f th PI t f t bl lif 

485 Th p p t f w te by -wh h th ff t p 
ddha^b gdd jt Ibttl tth 

B am tl d th ! th f 1 difyi f, 1 sp d 

N IS tl ff t r b bly an al it t th 1 w f 

I by h t A th t d ly b ght to pi y 

wh 1 nasi th gJar t th h t 01 y t t by 

h t b t t d t th 1 mk^ t 1 f w t wh ft 
In tlgtfhth 1 pddhhtS 

tl 1 1 1 1 1 t tl t tl 1 1 y f y t 11 f 

! t rf w tl th I A 1 1 d y t 11 n ' g 

Idfit h gmtfthralleBwh 

Irgdtrsp dn>q tp 

486 A mi Cnb tin fW — Tl 

sof PI ghth 1 fw tdfbg 

HO HO F thhl^bsobgpw fq p 

IS high, like that of the complex- atom ed gases (848). Second, 
when H and combine to form water, there is so great a loss of 
mobility as to suggest that the atoms, instead of uniting in simple 
pairs, combine into higher and more sluggishly moving groups. 
Th4,rd, the excessive amount of heat that results from, their com- 
bination, suggests a great amount of atomic motion; and,/ow(Aiy, 
this idea is coantenanoed by the behavior of water in espandbg 
by cold, as it approaches the freezing point, as just noticed. 

487. Water of Combination. — Water unites with bodies with 
three degrees of intensity. In its closest union it forma com- 

aed to ooiitiact as it cooled, -BliBt ivouia follow ? 'What iiistiinoes are glyen of the 



d^vGoogle 



202 INOEGAKIC CHEMI8TBT, 



ponnds known as hydrates, whei'e the water is so intitoately 
combined that a lieat approaching to redness is required to sepa- 
rate it ; slaked Hme is snch a hydrate. Secondly, it combinea 
with crystalline bodies in definite proportions. This is termed the 
water of CTT/stalUeaiion, to distinguish it from the water of hydra- 
tion. The formula for crystallized sulphate of magnesia, for 
example, represents both states of combined water : 

MgO,SOa,HO + 6Aq. 
Thirdly, water combines in all proportions, in a still more loose, 
chemioo-mechanioal way, as a solvent. 

483. Water is perfectly neutral, manifesting neither aoid nor 
basic properties, and yet it is capable of playing the part of both. 
It combines powerfully with acids, and, acting the part of a base, 
is known as iasie water. Hydrated sulphuric acid, HO, SOa, is 
thus a sulphate of water, nor can the water be expelled from the 
combination, escept by a more powerful base. It combines also 
with bases, potash for example, playing the part of an acid, and 
Ij b d pi d by a stronger acid, 
489 S Ivent Powe of Water. — Its perfect neutrality enables 

t t t 1 th I [ ties of other substances, and hence with 

eq al f 1 ty t t m sweet, sour, salt, astringent, bitter, or 
p n d ng as the bodies it dissolves possess these prop- 

e This 1 nt X wer is variable npon different substances, 

and t d ff t mp nres. Thus, a pound of cold water wUl 
d 1 t p nl f sugar, while it will only take up two 
n f rum n alt two and a half of alum, and eight grains 

f 1 m H at g Uy increases the solvent power of water; 

h b 1 g t will dissolve 17 tunes as much saltpetre as ice 
w t B t th e ceptions to this rule ; ice water dissolves 

tw h 1 m as b iling water. 

490. Tlie Water Atmosphere. — Water dissolves gases in the 
most divei'so proportion, taking up 700 times its bulk of ammonia ; 
its own bulk of carbonic acid ; -^-g its bulk of oxygen, and still less 
of nitrogen. There is, therefore, an atmosphere diffused through- 
out all natural waters, which is richer in oxygen than common 

What is meant byivfltarof crjatalllzallon! How else does water comhino with 
boaiesJ 4S8. What la baslo water? Ejomrles. When does it play tie part of an 
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air, and lienco better adapted for aupportlng the life of aquatic 
animals. The gases absorbed by water giyo it a brisk, agree- 
able flavor, and if driyen off by boiling, the litiuid becomes 

491. Different Kinds of Water.— Ae water dissolves a little 
of nearly every substance "with which it comes in contact, it is 
never found perfectly pure in nature. Hence there are many 
Tarieties of natural water, as spring, river, rain, sea, and mineral 
water. Edn falling in the country, away from habitations, and 
afler a protracted wet season, is the purest water nature produces, 
aa it is contaminated only with the natural gases of the atmo- 
sphere. In cities, as it falls through the air, it absorbs the vaiious 
organic and gaaeons impurities with which it comes in contact, 
and, flowing over the roofs of houses, carries down the deposited 
soot, dust, &o. Water from melted snow is purer than raia water, 
as it descends through the air ia a solid form, incapable of absorb- 
ing gases. 

492. Mineral Impurities.— Eain water, which has filtered 
through the porous soil and strata of the earth, dissolves audi 
portion of its soluble materials as it meets with, and carries them 
down to the lower levels, so that they may ultimately collect in 
the sea. The amount of mineral water thus dissolved is remark- 
ably Tarious. The water of the River Lota in Sweden, which 
flows over insoluble granite, contains only ^j of a grain of mineral 
matter in an imperial gallon. Common well-waters and spring 
and mineral waters contain from 5 to 60 gi-ains per gallon. Sea 
water contains 3,000 grains to the gallon ; and that from some 
parts of the Dead Sea or the Great Salt Late of Utah, as much as 
30,000 gi-s. to the gallon— 400,000 times as much as the Loka 

493. The mineral impurities of well and spring water are 
chiefly lime, magnet, soda, and oside of iron, combined with 
carbonic and snlphuric acids, which form carbonates, sulphates, 
and common salt. The most universal ingredients, however, are 
carbonate and sulphate of lime. Carbonate of lime, or limestone, 

uponill 490. How miwli ammoulii doea -watar diflsolvel How Is It with oilier 
gasesi Wbat is the elftot of iliB aissolved gaeee upon tho watcvS 491. Why ore 
there eomanj' varlslies of natural -water ! How aoaiffecent localities canaa watara 
todlflfert What ore the pnrest waters! 49a How iloaB water ohfnln its mineral 
Imjmrltleat <Mto inatsnoea of thoirtacinble qnanlity. 19S, What ai'o tJio chlof 
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ia not solulile in pure water, but dissolves in wat^r containing 
free carbonic acid, which is present in most natural waters. 

494. Sea Water.— The solid constituents of sea water amonnt 
to about 3i per cent, of its weight, or nearly half an ounce to the 
pound. Its saltness is a necessary result of the circulation of 
matter. Eiyera flow into the ocean with their saline constituents, 
■while the water which evaporates from tha sea is nearly pure. 
The ocean, therefore, is tlie great depository of eperything that 
water can dissolve and carry down from the surface of the conti- 
nents, and, as tliere is no ohannel^for their escape, tliey constantly 
accumulate. The continuance of this process for numherlesa ages 
accounts for the present saline condition of the oceans. In the 
same way all lakes into which rivers How, and which have no 
outlet, are salt lakes. The Dead Sea, for esample, ia situated at 
the bottflm of an immense basin— several hundred feet lower Uian 
the Mediterranean, and has no outlet. The Jordan flows into it, 
bearing 76 gi'ains of saliue matter to the gallon, and there is no 
escape but by evaporation; hence its excessive saltness. 

455. Mineral Waters are usually those of springs which eon- 
tain a considerable amount of various saline matters. Those 
abounding in salts of iron are called chah/ieate, or ferruginous 
watei-s. If the waters are brisk and sparkling, carbonic acid gas 
is present, and tliey are termed earbonated, or aeiduhus watei's. 
If the active ingredient be sulphur, tlie spring is called aul- 
phurous. The water of the celebrated Congress Spring, at Sai'a- 
toga, contains the following ingredients in a gallon : 

Chloride of Sodliira, ..... 390,248 grains. 
lodLde at Sai\am, End Broraldo at FotsBsium, . tj.OOO " 

Oorboanle of Sods, B,2!3 ■' 

Cachonato of Mi^neala, .... 100,S« " 

Osthonato of Lime, ..... 103,41a " 



496. Hard Water. — Water derives its quality of hardness from 
the presence of salts of lime, chiefly the sulphates; a single grdn 
of which will convert 3,000 grains of soft into hard water. "When 
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is pat info hard water, instead of djasolviiig in it, as 
it does in soft water, it curdles, or is decomposed, and a now soap 
is formed which contains lime instead of potash or soda. This 
new soap wiU not diasolye, and may often be seea on the surface 
in the form of a greasy scum. It adheres to whatever is washed 
tn it, and givea to the touch the unpleasant aensation of hardness. 
To test this quality of water, dissolve a little soap in alcohol, and 
place a few dropa of it in the water to he examined. If it remains 
clear, the water is perfectly soft ; if it becomes turbid or upaqno, 
the water is ranked aa hard. Hard water ia a less perfect solvent 
than aoft water, and is, therefore, inferior to it for cidinary 
purposes. 

497. Organic Imparities of Water.— From the dust and insects 
of the air, drainage of reiidence-^ the decay of leaves and animals, 
and a multitude of other causes, water is liable to orjjanic con- 
taminations. These may he either mechanically suspended, or 
dissolved in it. Water containing dissolved organic matter is 
highly dangerona to health, and should be carefully avoided. 
Solution of permanganate of potash 's decomposed and dc:,olor 
ized by it, and, therefore, water which d Bcharges the coloi trom 
much of thia reagent ahould be viewed with Ruspicion 

498. Organic impurities if sispended mechanicilly n watei 
are noxious, but they are generally attended by a coireetion more 
or less efficient in the shape of animalculic which feed upon the n 
Theae living inhabitants are never found m fieihly fallen um 
w t ht at d t f m houses nor in spring or well 
w t b t th y m less ah nd in cistern and reservoir 
m ! 1 d ani wat The Fiver Thiracs has been 
f d t t n diff nt p s of these organisms They 
m k af ghtt il IP nee wh hibited by the oxy hydiogen 
m pbtthypfmanm iluahli, service in conaummg 
d d gan m tt d d mg t to ita i Itimate and innocent 

■Jtt t — 1 dwtad ammonia 

499 Punfi atioa of Wate — Tl o best method of purifying 

w t by distill t t d it perfectly pi re it must be 

1 tU d at a 1 w temp at n sdver vessels By filtiation 

1 gl and h d h 1 other dcjely poiois media 

H D S H mineral witare c -issed T 419 WJjal 
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water may be deprived of suspended impurities, and of all living 
beings. Boiling kills all an'mal d t U pel gases and 

precipitates carbonate f 1 m wh b t t} J t 

often seen lining tea k 1 1 d b 1 Alum (tw th 

grains to tbe quart) d m ddy t b d t It d 

composed by carbonate f ! hi d th al t f 

down the imparities m h lly b t tb Ipl d f tJi 

alum, combining witli th 1 m t Iph t f Imi 1 k 

the water harder than, before. The alkalies, potash or soda, 
soften water by decompoang and precipitating the earthy salts. 

BOO. Peroxide of HydirogBn, HOs, has been produced by tho 
chemist, and called oxidated water. It is a transparent, sirupy 
liquid, with an astringent taste, a decided odor, and possesses active 
bleaching properties. It is v.eiy unstable in composition ; tbe mere 
contact of various substances causing it to decompose esploaively. 



§ V. mtrogen and its Compounds. 

NITROGEN. 

Sym. N: Bquw. 14. Sp. gr. 0.9T1. 

BOl. This gas was discovered by KuTHEitroBD in 17Y2. It is 
very extensively diffused in nature, forming about four fifths of 
the atmosphere, in which it plays the important part of diluting 
the oxygon, and adapting it to the couditiona of life. It is an im- 
portant element of tbe vegetable kingdom, entering in consider- 
able quantity into many of its compounds. It is supplied to plants 
by ammonia and nitric acid, and eserts a very favorable influence 
upon the growth of vegetation. Our food is largely composed of 
nitrogen, and it forms 16 per cent, of the tissues of the animal 
body. It is an csaential pai't of many powerful medicines, as 
quinine and morphia, and of some of the most dangerous poisons, 
as strychnine and pmssic acid. Nitrogen is not found in any of 
the mineral formations of the earth's crust, except in some varieties 
of coal, 

502. Preparation.— It la called nitrogen, generator of nitre, 
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MITROGEN AND ITS COMPOUNDS. 20? 

because it esiats in that substaooe, and may be produced from it. 
It ia moat commonly prepared by withdrawing oxygen from a por- 
tion of air, A amall bit of phospborua is placed 
in a little cup and floated on the water ii 
matic trough. It is then set on fire and a 
placed over it, as in Fig, 184, The phosphor 
takea the oxygen, forming phosphoric acid, which 
fills the jar with a white vapor ; but this 
abaorbed by the water, and nitrogen alone 
the water rising to occupy the apace of the van- Prepailug Nilrogen. 
iahed osygen. One hundred volumes of water dii'Jolve about two 
and a half Tolumea of nitrogen. 

503. Properties. — Wtrogen ia a transparent gaa without taste 
or color, and haa never been condensed into a liquid. It is remark- 
able for chemical inertneaa, and can only be combined with other 
substances by indirect means. Owing to its weak affinity for the 
other elementa, it forms very unstable compounds, and on the 
aUghtest occasion escapes from them in its gaseous form. It sup- 
ports neither combustion nor ^^^ ^^^ 
respiration : a lighted taper ii 
troduoed into it ia immediately 
quenched, and animals placed 
In it quickly die, not from 
poisonous action, but from lack 
of oxygen. Henoe it was for- 
merly called asole, or life de- 
stroyer. 

504. Nitrous Oxide, NO — ' 
Oxygen combines tutb ntio 
gen to form a series of five 

compounds, remarkrtle aa illiatrating in a perfect manner the 
law of multiple combmition (See Ohai't.) The first in the seriea 
is protoxide of nitrogen or mtroua oxide, called also, from its pecu- 
liai' effects when re p led lan^h ug gas, or exhilarating gas. It is 
prepared from nitrate of ammonia by moderately heating this salt 
in a fiask. The gas eaoapes through a tube, and is collected in jars 
over water. Fig. 185. Four ounces of the salt produce one cubic 







t Howlsltanpplied to plants) Where else le It found ? i 
nllrogaii! How Ib It pveparBai 603. What are its propctti 
pounasBiiBialilo) Why was it called neo*e; 604. For what : 
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foot of tlie gaa. It Bhonld bo allowed to stand for some time over 
■water, to absorb any nitrous a«id that may c&ance to be formed. 
The ohemica] change may be tlius represented : 
HsNHO, NOs = 4H0 + 2'SO. 
On© atom of nitrate of ammonia (or nitrate of oxide of ammonium), 
yields fonr atoms of water and two of protoxide of nitrogen. 

605, Proportiea.— Nitrous oxide is a neutral, colorless, trans- 
parent gaa, of a slightly sweetish taste, and very soluble in water 
—cold water absorbing abont three fourths of its volume. Sp. gr. 
1.527. It is an active supporter of combustion, relighting a glow- 
ing candle when plunged into it, and intensifying the combustion 
of phosphorus almost equally with pure osygen, A pressure of 
50 atmospheres at 45° condenses it into a clear liquid which boila 
at about 113G°, and may be fl-ozen at about— 150°. 

50e. When breathed this gaa produces a transient intoxication, 
attended sometimes with an iiTesisfible propensity to laughter, 
and at others with a tendency to mnscular exertion, indiWduals 
being variously affected according to temperament. Tlie gaa 
should be pure, and even then the experiment is not a safe one 
where there is an over-active circulation in the brain. These 
effects may undoubtedly be ascribed to an augmented oxidation, 
produced in the system by the gas. "When taken into the lungs, 
being far more soluble than oxygen, it is rapidly dissolved in the 
blood, and quickly diffused throughont tlie body. 

507. Nitrio Oxide SOj, (Bmtoaide of Mtrog&n), is formed by 
the action of nitric acid upon slips of copper in a similar way to 
the production of hydrogen. Fig. 175. A portion of the nitric 
acid is decomposed, giving up three atoms of its osjgen to the 
copper, HOa escaping. The oxide of copper thus produced unites 
with a portion of the nitrio acid, forming nitrate of copper which 
gives a blue color to the solution. 

3Cu + iJTOs = 3CuO, NO. + NO,. 
Nitrio oxide is a.colorlesa, irrespirable gas that has not been lique- 
fied, and which extinguishes most burning bodies. Brought in con- 
tact with air, it acquires oxygen and produces red fumes of N0<. 

anil Diygen group of eomponnaB remorkablo ! How is nitrous oxido prepared! 
EicplKLn the eliomtaal changes. 606. State :is propeitles. 606. What ara ila 
efftcUwhenbreathedt Howis this acllon aooountedfort 601. WHat in tlio oom- 



d^vGoogle 



OTTEOGEN AND ITS COMPOUNDS. 



209 



508. Nitroas Aoid, NOs, formerly Ryponitroua jIi^, — This 
is a tMii moiiil© liquid, producing aa orange-red vapor, and fona- 
icg a class of salts known as tbe nitrites. HyponUHc Acid (Pe- 
roxide of NitrogerS), itOi, is an orange-colored fluid with a cherry- 
red vapor. It boils at 82°, and solidifies at 8°. 

609. Nitrio Acid (Aqua Fortis), HOt, is a colorleas liquid (sp. 
gr. 1.531) with an lEt^naely sour t^te. It smokes wliea exposed 
to the ail, and ia partiaUy decomposed by the action of light, hy- 
pomtrio acid be 



ing foimed, which 
gives it a yellow 
coloi It unites 
with bases form 
ing an extensive 
series of hilts— the 
nitrates — whiji 
are all soluble in 
water ; benco, m 
trio acid cannot be 
precipitated It is 
obtained by decompositi 
of potash and sulphuric 
supplied with a receiver 
it from the tube % b> 
application of heat, the 
over into the 



"Bxa vsa 




a of its salts. Equal weights ol mtrate 
^ d a e placed ia a glaw retort, which is 
B kept cool by cold water flowing over 
leans of a netting, Fig. 186. With the 
t ite IS decomposed, and the acid distils 
The change is thns shown ; 
(KO, NOi) -H2(E0, 80=) = {KO, HO, 2S0=) +(H0, 'SOi). 
That is, one atom of nitrate of potash and two of sulphuric acid 
furnish one atom of bi-snlpbate of potaah and one of hydrated ni- 
tric aoid. 

BIO. Nitilc acid stains the skin, nails, and many other animal 
substances of a yellow color, and is therefore used to produce yel- 
low patterns upon woollen, fabrics. It is also employed for etching 
on copper, for assaying or testing metals, and as a solvent for tiu 
by dyers and calico printers. In consequence of its large propor- 
tion of osygen, it corrodes the metals with great energy, and 



propenlea) 60S. What 



ina acidi Hyponitrio a 
Uioocid) Why can it I 
iBotlon. BIO. For what 



d^vGoogle 



210 INOEGAKIC CHBMIBTRT. 

henco is the most powerful of osidizing, agents. It ignites pow- 
dered charcoal and oil of turpentine, and oxidiEes phosphoi-us so 
rapidlj' as to produce an explosion. 

51 1, This acid ia found in natnre in combination with potaah, 
aoda, or lime in the aoil of various localities ; with potash it con- 
stitutes the saltpetie of commerce It occurs also m small 
quantity in rain water, eapeeiaUy after thunder storms, jnd 
18 supposed by some to be pioduced by lightning, whuh oom 
bines the giseoiis nitrogen and osTgi.n Otheis suppose it to 
be produced by the oxidation of ammonia which alwajs eiists 
in the jir 

512 Ammonia H.H" (Ammomum HJS*). This m the only 
known c mponnd of nitrogen and hydrogen. They do not 
combine 11 hen miied or heated but only in the nascent state. 
Ammonia is theietore a constant prtduot of the decomposition of 
organic substances which contain nitrogen. It is produced from 
the destiu&tive distdktiou ot hozna and hoofs, which are rich in 
nitrrgen, but the chief si. uree of commeicial ammonia is the liquor 
of Uie gas works. The gas is conveniently obtained by heating 

d parts of nowly slaked lime and dry powdered sal ammoniac 
in a glass. The lime takes the chlorohydrio acid, 
forming chloride of calcium, while gaseous a 
is set free. The change may be thus shown : 
HilT, HCl + OaO = CaOl, HO + H=1T. 
TI ga may be collected in jars in the 
t ^1 but it must bo oyer mercuty, as water ab- 
b t It is, however, more convenient to pro- 
e t by what ia called the method of displacement. 
The as generated in the lower vessel, Fig. 18T, be- 
g 1 ghter than tbe air, accumulates in the upper 
p -oa g m p t n of the inverted jar, displacing the air and ez- 
"" p 11 t downward. 

513 Properties — Ammonia is a colorless, irrespirable gaa of 
a jjung nt a at ta te, lighter than air (sp. gr. 0.69), and possesses 
strong all al ne p p rties, changing vegetable blues to green and 
yell w t b wn It neutralizes acids and forms definite salts. 
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Being a gas, it is called volatile alkali, to distinguish it from those 
which ars fixed, or solid. Trom the civotiinstance that it was 



as called spirits of Jtarts- 

s odor. If a rod dipped 

^ar a source of ammonia, a 

D of the two in visible gnses. 



derived from the horns of harts, it i 
harn. Ammonia is recognized hy i 
in chlorohydrio acid be brought i 
white cloud is produced by the uni 
Fig. 188. 

514. Ammonia is used medicinally in various 
ways. It is administered internally as aatimulaut, 
and applied externally as a counter irritant. Mised 
witlt olive oil, it forms volatile liniment. It is the 
best antidote to praasie acid, but in large doses it is 
poisonous. It is of many uses to the chemist. 

515. Solution of ■ Ammonia. — Ammonia is rap- ^'""S ■''^laiinis. 
idly absorbed by water which will take up 700 times its volume of it, 
{orraing the agva-ammonia of commerce, This is heat prepared by 
evolving the gas from slaked lime and sal ammoniac, and pasaing it 
through a series of botties. In making solutions of the absorbable 
gases several difficulties have to he guarded against. The action 
in the evolution flask is liable tc various intei-ruptions, while the 
water present in the apparatus rapidly absorbs the gas. Thia 
creates a partial vacuum, and the consequence ia, that the water 
in the jar flows back into 

the flask, thus putting an end 
to the process ; also, if the gas 
is generated faster than it is ab- 
sorbed, there arises the danger 
of an explosion, unless there is 
a free outlet to the. apparatus. 
These dangers are obviated by 
the arrangement known as 
"Woolfe's Bottles, Fig. 189. 

516. The flask in which the / 
gas is generated is provided 
with a safety tube which serves 

both as a moans of inti-oducing a liquid and as a protection against 
the above mentioned accidentg. Wlien tho Hquid is poured in, a 
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portion of it is retEuned in the bend of the tube, acting there aa a 
valve to prevent the access of air to the fiask. Each bottle has 
an -upright tube in the middle neck which acta aa a safety tube, 
allowing the air in ease of a vacuum to pass in, or the liquid to 
flow out, if the preaaure of the gas becomes too great. The other 
tubes serve to connect the bottles with the flask and with each 

BX7. Oold saturated aqua ammonia is lighter than water, boils 
at 180°, and freezes at — 40°. It is a colorless liquid with a pungent 
odor and strong alkaline taste. It is much used by chemists, and 
affords the best meana of procuring ammonia, as the gas is readily 
expelled by heat. 

§VI. Carbon. 
Sym. G. Sqmv. 8. Sp. Gr. IJHamond), 3.52. {Yapor), 0.829. 

618. Carbon, feota the latin cavho, coal, is the name applied 
to the solid element of organic bodies with which we are familiar 
IB the various forms of charcoal, mineral coal, lampblack, &c. 
It is on every account a most interesting element, and plays a very 
important part ia the operations of nature. Carbon has three 
well marked allotropio forms — the diamond, graphite, and char- 

619. Properties of the Diamond.— The purest form of carbon 
is the Mamond — a very extraordinary kind of matter. It ia a crys- 
tal the moat brilliant and precious of gems, and the hardest body 
known. Diamonds are found ia the earth in varioua places, 
usually in the form of rounded pebbles covered with a browniah 
crust. Of their mode of production nothing- whatever is known. 
The finest specimens are perfectly colorless and limpid, but 
they are also of various colors. The diamond has a very high re- 
fractive and dispersive power by which it flashes the most varied 
and vivid colors of light. It ia a non-conductor of electricity, and 
resists the action of all known chemical substances. 

620. Combnatibaiiy.— Tho diamond remains unchanged at a 
very high degree of heat ; but if made red-hot and carried into 
pure osygen, it burns with a steady glow, like a little star, tho 
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product being carboBic acid. Trom its high refractive power, ra- 
sembling ia this respect organic substances (315), Newton pre- 
dicted that it would prove not only combustible, but of orgame 
origin. This view seema to be supported by the fact that the 
crystal on being barned leaves a trace of ash in the form of a cel- 
lular net work. In the flame of the voltaio arc, the diamond be- 
comes white-hot, swells up, and is converted into a hla«lt coke- 
like mass. 

S21. Uses.— Being a powerftil refractor of light, the diamoad 
has been sometimes employed for the lenses of microacopes, but it 
is chiefly used for cutting glass aad drilling apertures through 
other gems. Diamond crystals ore in the form e>,o. 190, 

of a regalar octobedroa, but their faces are 
often a little conves, aa shown in the Fig. ISO. 
Only the aatural faces of the crystal can be 
used for cutting glass, and the carved edges 
are best. Angles obtained by cleavage pro- 
dace only a rough scratch, like quartz. Though 
the Assure made by the diamond in cutting glass 
ja not more than the ^Jj of an inch in dep 
yet with a slight pressure on each side oi 
blow, it determines the course of the fracture 
through a very thick plate. 

622. Diamond Cutting. — Diamonds are so 
hard that they can only be cut or wrought by 
means of diamond powder. This fine dust is 
mixed with olive oil and spread upon a plate 
which is made to revolve two or three thou- 
sand times in a minute. The gem is soldered 
to an arm and pressed against the revolving 
disc by means of weights. In this way the 
diamond is cut into three forms — the hrilliant, 
the rose, and the ioMe, aa shown by the ac- 
companying figures. The brilliant is out with '""ii'i'iamuiia. 
a plane or table at the top, surrounded with facets. It is also cut 
with facets below, which are made at such angles to those ahoTe 
that the most perfect reflection is produced. The brilUant, there- 
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fore, has tlie flDest effect, but requiri.s the SHoriflce of the largest 
portion of the gem. A hnlhant cut dumond is esteemed equal in 
value to a rough one of twice the weight, added to the cost of 
■working it. The rose la cut into a hemi^ijliencal form with o 
pointed summit and 94 f^icote it ii fiat heneath Table diamonds 
are made from thinner BpecimeoB 

623. Value of Diamonda.— The weight and Talne of diamonds 
are reckoned by carats of fi >ur grama eaih The aYerage value of a 
perfectly out diamond ■weighing one carat is $40. They increase 
in value, not ia proportion to their iveighE, hnt to the square 
of their weight. The value of three dia- 
,—!.,, monds weighing I, 3, and 3 carats is as 1, 

'~ 4, and 9, This rate of valuation, bow- 

er, only appEes to those of moderate 
.s it would render the price of large 
J, diamonds so enormous as to place them 
' beyond the reach of even the wealthiest. 
B24. Of the largest, or, first elaas dia- 
monds, there are but few ; perhaps less 
Iri------- — " than a score altogether. These have been 

so coveted by princes as to liave figured 
quite prominently in onental polities and diplomacy. Fig. 194 
iond brought from India by a Mr. Pitt, and sold 





Ki)L-t-noor, before cutting (side nifio). After outtlHg {upper /uce), 

to the Regent of France for $600,000. It is of a light blue color, 
and weighs 136 carats. The dotted line shows its form before cut- 

liant. ThornEC. The i 
cBlliiLptedl 624. "What 
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ting. One of the largest diamonda ia the Koh-i-noor (mountain of 
I^ht), whioli came from India, and, according to native legends, 
was found 4,000 years ago. It taa teen in the tands of various 
familiea, and its poB8ea9ion has cost many murders and ivara. It 
now belongs to the British orown. Fig, 195 represents the gem 
in its original shape and size. It waa only surface-out in the rose 
form. In 1862 it waa cut into a brilliant weighing I63J carats, 
after one thhd of it waa removed. Fig. 146 represent ita size and 
pp f It t k th ty 'ght day t t 't Ij t m th 

p t w iu tw 1 h ni day w tl t t 

625 O, phite Plumbag th 11 t i f m f 

b Itfl hdmth fl dytll ix 

d d pi t f m t 11 1 t mbl I d h t 

lied Si ;!. i i Lil th di m d t t th t f 

t it d f 1 t til b m t m k g bl It 

IS f bl h t fid d stead f il to 

h thft fmh yBg fftdbyth 

wth tfm Ibl tgtpttirwkfm 

t d as t ea t h t t fitted f t p 1 1 It 
h w ft -id Ite t d 1 g ly w th lamphl k wh h m y b 

dttdbyht tl ptd mpl t d wh h 

lampblack burns away. Its most important use la m the manufac- 
ture of pencils. The powder being subjected to enormous pres- 
sure coheres into blocks, and ia then sawed into thin slices, and 
again into small bars, which are placed in grooved cedar sticks for 
use. Though apparently ao soft, the particles of graphite are ex- 
tremely hard, and soon wear out the steel saws with which it is out, 
526. Graphite, unlike diamond, may be artificially produced. 
"When cast-iron, which has been melted in contact with an excess 
of carbon, is allowed to cool slowly, the carbon crystallizea out iu. 
the fonn of graphite. In the manufacture of coal gas, a layer of 
pure denae carbon, having a metallic lustre, ia deposited upon the 
hottest pai-ta of the retort. It is called gas ccK-'bon, and soema a 
modification of graphite, i^ indeed, it he not itaelf an aUotropio 
form of carbon, Bkobie has produced a compound called graphic 
acid (OasHjOio), in which he considers the graphite as retaining 
ita allotropio state, and lie hence terma it graphon, witli the 
aymbol Gr. 

625. Wlmt Is grapLite! Its properties una uses! 628, How is it ortiflolBllj pro. 
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527. Ohatooia ig the third well-settled allotropio variety of 
carhoD. "When, any organic Ruhstanee, as wood, hones, sugar, is 
burned, with a partial exclusion of a' a hla k ma. remains 
which is tnowii as charcoal. It is ord n ly p p d I y cover- 
ing large heaps of wood with tar, and bu ning th m with a 
restricted supply of air, so as to prev nt mpl e mbustion, 
and only char the wood. The finer kind f bar il h as are 
used for making gunpowder, are produo d by d stUl d the wood 
in close iron retorts. 

e2S. Propertiea. — Charcod is a black, brittle, inodorous, taste- 
less solid; a good conductor of electricity, but a bad conductor 
of beat, and perfectly insoluble in all liquids. It is osidized by 
strong nitric acid, but reaisfa the action of air and moisture, and 
is, therefore, very unchangeable. The timbers, and grains of 
wbeat and rye, converted into charcoal 1800 years ago, at Hercu- 
laneum, remain as entire as if they bad heen charred but yester- 
day. Wooden posts are hence rendered more durable by charring 
thoir ends before placing them in the ground. The interior of 
tubs and casis are often charred for the same reason. 

529 Thchf fh al aful When pure, it 

b n w th t fl m alth gh t u lly ntams water which, 
& g th mb t pait ally 1 mi d into carbnretjed 

byd g n and bum w tb a 1 gl t flam A ubio foot of cliar- 

Ifm ffw dwffbfimSt 9 lb from hard wood, 
frmiatlSll hn hdwd al bt adapted to pro- 
duce a high beat m a small space. At high temperatures, charcoal 
baa a very powerful affinity for oiygen ; therefore, it is of great 
value in reducing metals from their oxides, in the smelting furnace. 

530. Absorbent Fovreza of OharcoaL — Having the structure 
of the wood from wbich it was derived, charcoal is very porous, 
and possesses in a remai'kable degree, the power of absorbing 
gases, and condensing them within its pores. It will absorb flO 
times its bulk of ammonia; SQ times its bulk of carbonio acid, 
and 9 times its bnlk of oxygen. Freshly burned charcoal imbibes 
watery vapor from the air very greedily, and by a week's expo- 
sure, increases in weight from 10 to 30 per cent. Cliarcoal baving 
the finest p6res, possesses this power of absorption in the greatest 

ducod! -527. nowiB charcoal obtained) 528. What are its properMes! iDstancea 
qf its prespiring jjcllon ! 629. Hqw doco It burn ) What kind makes tho best 
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degree ; the spongy sort least. ' A cubic inch of charcoal,' saya 
LiEnia, ' must have, at the least computation, a surface of 100 
square fact.' 

531, The power of porous bodies to condense gases (73), in 
the case of carbon is of great importance. Charcoal ahsorbs 
noxious gases and offensiye odors; and, when crushed, foul water 
filtered through it, and tainted meat packed iu it^ are restored to 
sweetneas. The charcoal from hones (bone black) is superior to 
wood charcoal for purifying purposes. It is extensively used in 
sugar refineries to decolorize sjrups. Vinegars, wines, Ac, aro 
bleached in the same way. 

532. Charooal not an Antisaptic^Oharcoal is a powerful de- 
odorizer, and disinfectant, but it is not an antiseptic, or preventoi 
of change, as has been supposed. In fact, it is an accelerator of 
decomposition. It was formerly thought that charcoal acted by 
simply sponging up the deleterious gases, and retfuning them in its 
pores; but it has boon lately shown that, by means of its con- 
densing power, it is a powerful agent of destJ-uctive change. 
The condensed oxygen seizes upon tl o othe gases p eaent and 
oxidizing them, forms new prod icts It thus changes ammon a, to 
nitric acid, and sulphurettel liyd ogen to sdphur ic 1 The 
body of a dead animal packed n ohwooal en ts no odo tut 
instead of being preserved its datompos t on s much hastened 
This property- has been made medically available m t) e tor of 
charcoal poultice, to corrodo awaj fq w 
sloughing and gangrenous fle h n ma 
lignant wounds and sores. Tl o dark 
carbonaceous matter of soils s thus 
not only a magadae for stor ng gaac 
but a most potent agency of chem cal 
change. 

533. Dr. Stenhonse, who in 1656 I 
firat drew attention to the septic pow 
era of charooal, has contriyed Ten 
tilating arrangements in which the air 
of dwellings is filtered through it. He 
also invented a breath filter or respira 

Give Bsamples. HowmacUaurfaieliosaoubioincliI 6 n w 8 his p p ty 
t uaed ! 632. Wlat la ila rein- 
Uclnoana-lnBoilBj 633. Whtt 
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tor consisting of a liollow case of wire gauze fitted to the face, as 
shown in Fig. 197'. It is filled with coarsely powdered charcoal, 
which strains the air of its imparities before it enters the lungs. 

634. Lampblack is a modification of charcoal. It is the soot 
deposited from the homing of pitchy and tarry combustibles. The 
smoke is conducted through long horizontal flues terminating in 
chambers hung with sacking, npon which the lampblack is de- 
posited. It ig used for making printers' ink and black pniut. In 
combustibility it stands at the opposite extreme from the diamond, 
and so great is the sui-fcoe it esposes to oxygen, that it has been 
known to take fire spontimeously in the open air. 

53B. Aa in the diamond and graphite, the particles of the other 
varieties of cai'bon are extremely hard. Those of charcoal when 
rubbed between two plates of glass scratch it easily ; while pieces 
of anthracite coal haye been used to cut glass like the diamond. 
The mineral coals found in the earth are forms of carbon, and will 
be noticed in Organic Chemistry. 

§ VII. Compounds of Carbon and Oxygen. 
CARBONIC ACID. 
{Carbonic Anhy&ride, Fixed Air, MepUUo Air, Chake Damp of 
Miners:) Sym. CO,. Eguiv. 22. Bp. gr. 1,629. 
636. All the forms of carbon when burned in the air unite 
with osjgen and form carbonic acid. This is a colorless gas with 
a slightly sour taste and about half as heavy again 
jr. It exists abundantly in the mineral crust 
of the globe, in the fixed or solid state, and was 
hence at iirst called Jhed air. It exists also in 
ee condition in the atmosphere, where it is 
. indispensable to the vegetable kingdom. It 
I T^as first described by Viy. Black in 1757, and 
smai'kahie as the first gas discovered. 
537. Preparation. — Carbonic acid exists in 
i limestone to the extent of 44 per cent, of its 
weight, and is most conveniently obtained by 
tho action of an acid upon powdered marble, 

areDr.STBBEODSB'a inventions! 63*. WhatiglHmpblackf Howobioinedt Its 
proportlen ? Wb, yihal la said of the properties of carbon 1 esS. What la carboniD 
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or chalk. Any strong aoid will answer the purpose, hvt cliloro- 
hydrio is the liest. The powdered mineral is placed la a jar and 
covered with water. A little dilnte aoid ia then poni-ed down 
through tie tnbe, Fig. 198 ; efferveacence immediately takes place, 
and the gas escapes through the bent tube. It may he collected 
orer water in. the pneniaatio trough, or, as it is heavier than the 
air, it will quickly displace it in an open vessel. The change is 
thus shown : 

CaO, 00a + HOI = OaOl, HO + COs. 
A ouhio inch of inarhle will yield four gallons of the gas, 

538. Test.— Carhonio acid combines with bases forming a class 
of salts known as the carbonates. Ita test is solution of lime or 
clear lime water. "When exposed to carbonic aoid, it turns milky 
fi'om the formation of insoluble carbonate of lime. Thus, if we 
expose a sancer of hme water to the air, in a short time its surface 
is cOYered with a thm film of carbonate of hme, proving that there 
is carbonic acid in the atmosphere. If we blow through a tube 
into a jar of lime water, it quickly becomes turbid from the same 
canse, thus showing that there is cai'bonic acid in. the expired breath. 

539. It Extii^;nifllie8 Fire.— To prove this, and to show also 
that it is heavier than air, we have bnt to place a lighted taper ia 
a jar, and pour in oai'bonio acid from an- 
ther vessel, Fig. 199 ; the invisible current 
promptly puis out the light. It has been | 
proposed to employ this gas on a large \ 
scale fo extinguish fires.- Some pulverized 
chalk and a bottle of aoid are placed i 
a suitably constructed vessel, and when 
wanted for use, the bottle is crushed and 
the gas set free in large quantities. Si 
is the construction of the 'Mre Anni- 
hUafor.' This property of carbonic acid pouring Carbonio Aeid. 
has been made av^lable in extinguishing 

the accidental fires of coal mines, la one case an English mine 
had been on fire 30 years and burned a 9-foot seam of coal over 
an area of 36 acres, defying all efforts to quench it. Eight million 
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cubic fi.et of tlie g i3 were ponied lato it toi three weeLa day and 
nifeht ind tha file wa- tins conipletely extingaished 

540 Poisoning by Caibomc Acid^-When. itapired, carbonic 
acid IS fotal to lite If pure it produces spasm, of tte f,lotti= 
closes the an pa^sagei, and thus Lills suddenly by aufiocation 
When diluted witfi even ten times its hulk of an , and taken into 
the system, it acts as a narcotic poison, gradually prolucing 
itvipor, mflensibility and death This goa otten accumiilatei at 
the bottom of wells, and in cellaii, stifling those who miy nn 
waiily descend To test its piesence m such Cdsea it la common 
to lower a lighted candle into the suspected place, and li it is not 
extioguisied, the au- may be breathed aately for t ahort time If 
the light goes out, it will be neceisaiy before dt cend nj, to let 
down dry-slaked lime, or pans of fre=hly bi ned cbaicoal to 
absorb the gas. 

541. Souirees of Carbonic Aeid — It is j re diced thiougho t 
nature on an immense scale. Ozjgen of the an seizing ipon the 
eai-bon of the organic world, whether in rapid burning oi slow 
decay, gives rise to this gas. The combust on of a bushel of char 
coal produces 2,600 gallons of 00 It is pioduoed by fermenta 
tion, and the alow decomposition of o ganio bodi s and also by 
tlie respiration of the entire animal world Each adult na i 
exhales about 140 gallons per day. It is also prcduoed by le om 
positions and osidatious in the earth an 1 comes up w th ths 
waters which rise to the snrfece It escapes in vast juantities 
ft-om volcanoes, both active and esfinct Pis ng to the surface 
often more rapidly than it is diffiised mto the an it accumulates 
in invisible pools and ponds. Through the celebrated Grotto del 
Cane, in Italy, a man may walk unharmed, but a dog with its nos- 
trils near the earth, is suffocated on entering. The poison valley 
of Java is a lake of earbonic aeid, filled with the bleached bones 
of dead animals. 

542. Efferveaoent Drinks,— The spai'kHng appeai-anee and 
lively, pungent taste of various mineral waters are due to the car- 
bonic acid they contain. Water absorbs nearly its own volume 
of cai'bonic acid,but by means of a forcing-pump it may be made 
to receive u much larger, proportion. ' Soda water ' is ordinai-ily 

Let tsbiin iH-eathed ! What 
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only water charged with carbonic acid. Being h g 1 wt 

the pressure is withdrawn, the gas escapes w th vi 1 t ff 
vescence. The effect is the same whether th b d is 

forced into the water from without, or general dm ht I 

as is the case witli fermented lienors ; the gaa d ally f th d 
dissolved hy the water, and, escaping . when th k th 

drawn, produces the fuming and hriskneas of th 1 q 

643. Its Xiiqoid and Solid Forma.— Unde p f 6 

atmospheres at 32°, carbonic acid shrinks int 111 mp d 

liquid lighter than water. When this pres d t 

does not suddenly resume its gaseous state, b t p t w th 
such rapidity, that one portion absorbs heat from another, and 
freezes it to a white solid, like di^y snow. This sohd carbonic acid 
wastes away but slowly, and may be handled, though if it rests 
long upon the flesh, it disorganizes it like red-hot iron. 

544. Unlike other acids, the carbonic does not nnite with 
water to form a definite hydrate. As a gas, a liquid, and a solid, 
it is anhydrous, and the later school of chemists designates it con- 
etaatly as carbonic anhydride. 

B4S. Carbonic Oside, CO, is a colorless, almost inodorous gas, 
which bums with a pale, blue flame. It is produced by burning 
carbon with an imperfect supply of ah", and its formation may be 
observed in an opon coal Are. At the lower part of the grate, 
where the air is abundant, carbonic acid is formed. As it ascends 
into the hot mass above, it loses half of its osygen, becoming car- 
bonic oxide. The liberated oxygen combining with the carbon of 
the fue], also produces an equal quantity of the gas. As the car- 
bonic oxide thus formed, rises to the surface of the fire, it burns 
to oarbonio aoid with a lambent, blue flame. This gas may be ob- 
tained pure and in great quantities by heating one part of prussiate 
of potash with ten of sulphuric acid, in a capacious retort. Car- 
bonic oxide when respired, is still more deadly than carbonic acid, 

§ Tin. Oowjpovmds of Carbon and Hydrogen. 

646. These form an extenMve and important group, but they 
belong chiefly to Organic Chemistry ; two only will be here men- 
tioned. These substances have long been regarded as only of 
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organio origin, Irat Beiitselot has lately succeeded in producing 
them bv tlie diiert union ot tlieir elemontfi 

547 Light Carburetteii Hydrogen, C Hj —{Marsh 0as, Fire 
Bamp ) This !« a coloiless inodorous, taatelesa, inflammable gas, 
which bums with a jellow, laminoua flame Jt dilated with air, 
it 1'* not iniurious to life It jaij bi. produced by heating in a 
fjlass fl'jak a mixture of twn parts of 
acetato ot aoda three parta of caustic 
Hi potash and three of quicklime. It is 
ilffl caJied marsh gas because it is a prod- 
uct of the decom position of vegetal 
^ 111 itter contained is the mud of stag- 
" naut poofs It may be collected by 
- in^eitmg a jar and funnel in the water, 
_S' and atirnng the mud beneath, Fig, 300, 
-^ when the gis rises into the jar ia bub- 
It 18 often dioenffaged in large 
° qu'intities in coal mines ; mixed with 
.. n ^^^ ^^^ ^^ becomes explosive, and con- 

stitutes the tatil Hre damp If the iir is inore th xn sis times or 
less than tourtecn times the bulk of the gas, the mixture explodes 
violently, Oarbonio acid is produced by the combustion, so tliat 
those who are not killed by the burning or shock, are generally 
suffocated by the choke damp. 

648. In soifle places, this gas rises from the earth in such quan- 
tities, as to bo utilized for purposes of illumination ; as in tho 
village of Fredonia, N". Y. In the deep wells snnk for brine and 
miaeral oil, it often rises in such quantity as to be employed for 
driving the pumping engines, or for evaporating the liquids. 

649. Olefiant Gas, O.Ei {Ethyline). — This gas may be pre- 
pared by raising strong alcohol with five or six times its weight 
pf sulphuric acid in a retort, and applying heat. It is colorless, 
tasteless, nearly as heavy as air, with a marked odor, very inflam- 
mable, and burns with a bright and intensely luminous flame. 
When mised with air, it is explosive, and derives its name (oil- 
former) from the ciroumstauce of its forming an oily compound 
with chlorine. It was liquefied by Faraday under great p 

648. Are the hydro.enrbonB 
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It is deoomposed by electric sparks, depositing Iialf its carbon, and 
forming liglit carburetted hydrogen. 

660. Illuminfttiiig Gas consists chieiiy of the foregoing com- 
pounda of hydrogea and carbon. It is commonly produced from 
bituminous coal, by beating it in east iron retorts, which are fised 
in furnaces, and heated to redness by an esternil fire Each re- 
tort receives a charge ot 100 to 150 lbs of coil every sii hours, 
aod m laige gas works, several hundieds of them are kept at 
work day and night At a moderate heat, tar and od are pro- 
duced (957), but at a high temperature, gases are formed in large 
quantities Tlie principal products of this dostiuetive distdlation 
are a thick, black liquid known as coal tar, steam, various com 
pound? of ammonia, sulphide ot hydrogen, carbonic acid, light, 
carbuietted hydrogen, defiant gas, and a solid, frmbJe, caibona 
ccoua mass Iinown as i-oht 

551 How Purified. — This heterogeneous mixture la wholly 
unfit for illuminating purposes tdl purihed TliC liquid and 
gaseous products, as 
they am set fiee, flow 
out from the retort, 
through a tube into a 
receiver, called tlio 
h^d/aultc main, m 
which the tar and im 
momacal hquor aro to 
a great extent aepa 
rated from the |,aseoui ^d- 
prodncts But being 
hot, they still retail 
\anous matters in 
vapoioua state, whioli 
would be deposited, 
and clog the pas pipes 
these are stdl fartlier 
separated by passing through the cpndermr, whioh consists of iron 
tubes surrounded bv cold water The gaa is then passed through 
a mixture of lime and ivater (mdk of lime), or thiough lasers of 
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damp slakei lime, which abaurhs tho carbonic acid and sulphide 
of hydrogen. It is then sometimes freely waahed with water, 
which removes all its amlnonia, when it is transmitted to a large 
storing vessel called the gasometer, Fig. 301. This is an immense 
siieet iron cylinder, open at bottom, and closed at top, which 
floats in a cistern of water. Two pipes open into the interior, 
one to deliver tlie purifled gas wliioh fills and raises the gasome- 
ter, and the other, which is comiectod with service pipes, to con- 
vey it away for consumption. The gasometer is balanced by 
weights which are ao graduated as to compi-esa the gas sufficiently 
to force it through the pipes to the farthest points desired. 

552, Compoailion.— This is variable, but it mainly consists of 
olefiant gas, light carburetted hydrogen, carbonic oside, vapors 
of benzole aod naphtiia (968), with free nitrogen and hydrogen. 
Its value depends upoE the proportion of defiant gas, which a 
the chief light-pradiicing compound. This is obtained first, and 
diminishes as the charge of coals is protracted, the poorer light- 
^ving materials increasing. la one case, the gas first delivered 
contained 18 per cent, of oleflant gas, 82 of carburetted hydrogen, 
8.3 of carbonic oside, and 1.3 of nitrogen. Aftei' 10 hours, it 
yielded 30 parts carburetted hydrogen, 10 parts of carbonic oside, 
00 of hydrogen, and 10 of nitrogen. 

dB3. Gas from other Sonroes.— Crude, refuse oil, which is 
unfit for burning, is sometimes converted into gas by being made 
to trickle into a retort, containing fragments of coke, or bricks 
heated to redness. It contains no sulphur products, needs no 
purification, and is rich in olefiant gas. Reain, by being melted 
and treated in a similar way, yields a superior' gas. An excellent 
gas IS also produced from the distillation of wood ; but in point 
of economy, none of these soiirces oah compete with coal, A 
pound of ooaJ yields from three to four cubio feet of gas ; a pound 
of oil, 15 ; of tai-, 13 ; and of resin, 10. 

554. Extent of its Uae. — UlnmiDating gas has come into use 
entirely within the present century. Itwaaflrst employed in Lon- 
don, in 1803, and its use has estended until nearly 500,000 tons of 
coal are consumed in ayearbytlieestablishmentsoftliat city alone, 

oroeler. 652. Upon what doos tlio wlHo of the gaa depend ! How So Iha ptopor- 
lions differ ot difibrent Btages of the distillation I 663. What is anid of gas ftom 



d^vGoogle 



COMPOUNDS OF CARBON AND NITEOGEN. 225 



g 5,000,000,000 cubic feet of gaa, and jielding an amount 
of light which would be equal to that given by ten thousand mil- 
lion, tallow caadles, six to the pound. How wonderful that sun- 
beams obaorbed by Tcgctation in the primordial ages of the earth, 
and buried in its depths as vegetable fossils through immeasurable 
ei'as of time, until system upon system of slowly formed rocks have 
been pileS above, should come forth at last, at the disenchantiDg 
touch of science, and turn the night of eivUized man into day ! 

§ IX. Compounds of Carbon and Wii/rogen, 
55B. Cyanogen — Symiol, Cy. — Carbon and nitrogen do not 
imite directly ; but if animal matter, such as hides, horns, pai'ings 
of hoofs, &c., be heated in a covered iron pot with, carbonate of 
potash and iron filings, the carbon and nitrogen, as they are set 
free, combine to fonn a compound known as cyanogen, NOa. This 
substance was discovered by Gay Ltjssao in 1814, and is remai-t- 
able as bemg the first chemical compound known to play the part 
of an element. Cyanogen proved to be an electro-positive body 
■which would combine directly with the metals, like chlorine. It 
was, tlierefore, called a compound radicle, and represented by the 
symbol, Cy. The doctrine of compound radicles has beensince ex- 
tensively carried out (910). When produced as above, cyanogen 
unites with potassium and iron, producing tlie salt ferro-cyanide 
of potassium, KsFeCyj, HO, which forma the splen- 
did yellow crystals of commerce. The word Pio. 202. 
cyanogen signifies Hue prodiicer, as it is a con- 
stituent of the pigment pmssian blue. ■ 

556. Cyanogen is a transparent, colorless 
gas, poisonous if respired, and with a strong 
odor. It is very soluble in water, and hence 
must be collected in the pneumatic trough over 
mercury. It is reduced to a colorless, limpid 
liquid by a pressure of four atmospheres, and 
freezes into a transparent crystalline solid at 80°. 
It may be best procured in small quantities by { 
heating a little cyanide of mercury in a test tube, 
Fig. 303. The salt is decomposed, the gas escapes, i 

856. How may earljoo aiid' hydrogen be madij, to unite f For 
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and ■when. Ignited, burns with a heautiful bine flame edged with 
purple. Paraiiyanogen is an insoluble isomeride of cjanogen, 

667. Oyanohydrio Aoid, HOy. {Rydrocyanie Acid, Prussia 
Add.) — This is a colorless, transparent liquid, and so volatile that 
a drop on the end of a glass rod in the air sohdifiea by its own 
evaporation. It may be obtained by decomposing a salt of cyano- 
gen with strong acid, and then dislillirig it, the vapor having the 
odor of peach blossoms. It ia one of the moat inaidioiis and deadly 
poisons, a few drops producing death in a few seconds. This acid 
is obttdned by distillation of the kernels of bitter almonds and 
Tarious fruits, and also from the leaves of the laurel, peach, &o. 

553. Cyanogen forms several componnds with osygen, the 
best known of which are cyanic acid and fwhninic acid. Tiie lat- 
ter combines with metals, forming fulminates which are riolently 
explosive. Hydrated eyanie acid ia a volatile and highly corrosive 
fluid, which cannot be brought into contact with water without 
beiog instantly decomposed. Cyanuric acid is crystalline, soluble 
in water, and forms salts with metallic osides. Cyamelido is a 
white, poroelain-like substance, absolutely insoluble in water, Tet 
these bodies arc all isomerio, and may be converted into each other 
without less or addition of constituents. 



CHAPTER Tin. 

TnS ATMOSPHEEB. 

§ I, Its Physical Properties. 

559. This is the thin, gaseous medium which surrounds the 
globe. It is considered under a twofold aspect — in its mass, or as 
manifesting physical properties, and in its composition or chemical 
relations. The first belongs properly to H'atnral Philosophy, but 
it will be useful to recall a few points which are of constant appli- 

ara the properOeaof cyanogon! How 1b itoMrincd! 557. What a cyanohydrio 
Held! How obtained?' Its propeitlesl Where is it found! 568. What com- 
pounds dooB cyanoson form wifJiOjiygan? What are fulminateel Properties of 
hydratedcyanicaold? Cyanurlo acid! CyamelidoJ What i8 8»id of theso 8ub- 
stanoeB! S69. Uniler what BBpeots may the air be coneldered ) 6OT. Whatlflthe 
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cation. We have deferred the suhject to this place, that the stu- 
dent may be familiar with the airaospherio constituentB. 

660. Weight of Air.— It was first „,„ ^ 
discovered ahout 300 years ogo that 
air, ]ilie all otJier forma of matter, has 
weiglit. If a light flask be eshauaced, and 
then carefully counterpoised at the bal- 
ance, when the air is let in, it will he- 
conie heavier and ainl:, Fig. 203, A 
cubic fiHDt of air weighs 538 grains, or 
something more than an ounca, and a 
room 40 feet sqnare and 18 feet hif,h 
contains about a ton. 

661. Tha Air Pump ia an instrument 
for esbansting air from a tight vessel. 
In Fig. 204, JP represents a piston which 
works air-ti|?ht in the cylinder e,and o u' 
are valves of leather or silk which guard 
openings in the piston and the bottom of the cylinrler. As the 
piston descends, -u opens while a' shuts. The tube ( connects 




'Olghillg A 



the pump with the 



portion of its air at 



hich lose! 
each ati'okc. The 
is a large glass vessel 
ground flat at the bottom 
so aa to rest air-tight upon 
the pump plate. As its 

objects for experiment. 

B62. Elasticity.— If a 
small tight india rubber 
ball containing air be 
placed within the re- -"-^i'"""""" ""■ 
Air i-ump, ceiver ^nd exhaustion take 

place, the air witliin will be dilated with force, and the ball will 
expand to several times its original size, as shown by the dotted 
line, Kg. 206. If the receiver be opened, the air rushes in, and 
the ball returns to its original dimensions. At first the air with- 
out and withia the hall press against each other equally, but 
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when the outsile pressure is withdrawn, the air within, by its 
iahcient elobticity, expands into a larger bulk. Air csists in the 
l-Oi-es of bodies, and by taking off the pressure, it 
spacds and escapes. This is shown in Fig, 206, 
n hioh represents an egg in a glass of water under 
an exhausted receiver. 

6S3. Atmospheiio Pressure. — As the air has 
weight, it of course esorta pressure upon surround- 
ing objects. Thispres^re is in all directions, down- 
ward, Mdewiae, and npword. If a wine glass be 
filled with water, a card placed upon it, and then 
,. inverted, the upward pressure of the air supports 
the liquid in the glass, Tig. 207. This pressure is 
considerable. If the hand be placed over the open 
d of a glass and the air be exhausted, it will be 
held as if with a powerful weight. The weight, or 
ressure of the air at the level of the sea, is 15 lbs. 
1 every square inch ; this is, therefore, called an 
30 lbs. woiild be two atmospheres; and 
' 1,500 lbs. a hundred atmospheres. 
^S^Air^' ^^^* ^® weight of the air is not the same at 
all times. Winds and storms keep it in motion, 
condensing and rarefying it, and thus affecting its pressnre. There 
„,„ „^ are also tides in it as in the ocean— great at- 

■ic wases, which sweep over the eai-th, 
and with these movements, the pressure con- 
stantly varies. 

563. The Barometer. — Variations of pres-- 
!ure are measured by the haromeler. To maka 
this instrument, a glass tube is taken, S3 or 34 
inches long, closed at one end, and filled with 
(jiiieksilver. It is then closed with the finger, 
13 shown in Fig. 203, inverted, and its open end 
plunged into a vessel of quicksilver, o. The mer- 
cury then falls from i to w, leaving a vacuum, 
ir place of no pressure in the upper end of the 
I tube. The weight of the air pressing npon the 
l^^^tfl mercnry in the cup, supports the mercurial col- 
Baromotor. umn 80 inches high. But as the atmospheric 

llie esperlment, Tig.'20b. What properly of the luris Lore ebownt Wilat IB 
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pleasure varies, tlie oolumu rises and falls along the 
scale of some 2-J Indies, attaclied to tho tube. 

666. PreBsure upon the Human Body.— TTpoa the 
iDody of a medinm sized man, having a surface of 2,000 
square inches, the atmosphere exerts a crashing force 
of 811,000 lbs., while the variation, of an inch in the 
barometric column coiTcsponds to a variation of ],000 
lbs. pressure upon tho body. That we are not con- 
scions of this pressure is, because the air within, us 
presses outward with equal force. By ascending a 
mountain till the mercurial column fell to 14 inches, 
and by desoending in a diving hell till it rose to 45 
inches, Humbo[j>t exposed himself to a variation of 31 
inches, or 31,000 lbs. of pressure upon his person. 

S67. Rare&ctioa ia the Higher Regions. — As we 
rise from the surface of the eai-th, we have a portion 
of the atmosphere below us, and the weight of that 
above, of course, decreases. Elasticity then comes 
into play ; under less pressure the air expands, and as 
we ascend, it grows more and more rare, the barometer 
falling in exact proportion, Pig. 309 is designed to 
represent a vertical section of the atmosphere, extend- 
ing upward about 45 miles. The left hand column of 
numbera shows the height in mUes above the sea level ; 
the right column the corresponding height of the ba- 
rometer in inches. A, indicates the height of the high- 
est peak of the Himalaya Mountains. The small cir- 
cle marlis tho greatest height reached by a balloon (six , 
miles), by Mr, GrLAisnEi:, in 1862; C, the sea level, 
and D, the deepest soundings yet obtained (by Oapt. 
Deniiam, 83 miles). 



§ II. Chemical ConstiHents of the Air. 

568. Tho atmosphere is a mixture of several gases; 
nitrogen and oxygen constituting ita bulk. There is a 
small proportion of carbonic acid and watery vapor, 
and variable traces of other sutetances. Accoi-ding to 
Dumas and BouaaiHOAULT, its average composition by 
volume is 20.81 of oxygen, and 79.19 of nitrogen, in 
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10,000 parts, or by weight 2B.0I of oxygen, and 76,99 of nitrogen. 
This was aacertained by passing a stream, of air slowly over ft 
weighed quantity of heated copper in a tube. The oxygen was 
absorbed by the copper, the gain in weight of the tube indicating 
its quantity. The nitrogen was received into an exhausted flask, 
which was weighed before and after the experiment. The propor- 
tions of these two gases in tlie atmosphere are nearly invariable. 

669. If an artificial misture of foor paris nitrogen and one part 
osygen be made, a candle will barn in it, and animals breathe in 
it as in ordinary air. The atmosphere is not a chemical com- 
pound, but a meckameal mixture; its constituents being diffused 
throughout each other according to the great iaw of gaseous 
intermixture (74). 

570^ The proportion of watery vapor in the otmospliere variea 
with the temperature. It usually ranges from the ^\ to tlie jj, of 
the bulk of the air. By passing known quantities of air thi'ough 
carefully wei,nhed tubes of caustic potash, the oarbonio acid is 
absorbed, and its proportion determined It varies from 8 to 6 
parts in 10 000 of air and averages abont one volume in 2,500. 
The quantity is vaiiable withm the hmits above stated. It in- 
creases as ■Re rise fiom the earth and i-, !e=s after a rain, which 
wjshes It down ftom the air it mcieafle* during the night, and 
diminishes after sunrist i? less o\ei larije bodies of water tiian 
over large ti icts ot lind and is moie abundant in the air of 
town^ tliau in thit of the country Traces of nitrfc acid, ammo- 
nia and oaibuietted hydrogen are also invariably present, and 
in the an of tonns silpliurtttei hydiogon, and sulphurous 

B71. Proportions of the Atmospheric Elements.— A very clear 
idea of these quantities may be gained by supposing the air 
throughout to be of a uniform density, and its elements separated 
into strata, in the order of their specific gravities. In auch a case 
the air would extend to the height of about five miles (Ghaham). 



tlie preeenre upon the body of a mediam i 
HcSBOLDT eipose himself? 687. Whal ii 
ess. Wh»t. is the oompoaition of llie airf Hi 
tliostatoofitselenients? 6J0. Whatlathei 
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Its greatest qnaotitj of watery vapor, if condensed, would form a 
Btratum of water abont 5 inches deep ; the layer of earbonio acid 
would be abont 13 feet de«p; that of oxygen about 1 mile, and 
that of nitrogen about 4 miles in. depth, 

512. Resulting Properties. — Each of the oonstituents of the 
air 13 essential to the pi^esent order of things. Vo have seen Iiow 
imposing is the part played by oxygen, which is preeminently its 
active element. To duly reatrwn thia activity, tlie oxygen is 
diluted and weakened by four times its bulk of the Degative 
element, nitrogen. Thoir properties are thus perfectly adjusted to 
the requirements of the living world. Were the atmosphere 
whoily composed of nitrogen, life oould never have been possible ; 
were it to consist wholly of osygen, other conditions remaining 
as tliey are, the world would run through its career with fearful 
rapidity; combustion once escited, would proceed with ungovern- 
able violence ; animals would live with hundred fold intensity, 
and perish in a few hgurs. 

B73. Offices of Watery Vapor.— These are numerous and im- 
portant in a high degree. Three fourths of the weight of plants 
and aniraala consist of water, and they are continually absorbing 
and eshaling it; while the rate of tliis vital operation depends 
upon the degree of moisture in the air. Were it perfectly dry, 
evaporation from leaves would proceed faster than supply from 
the roots, and tbs plant 
would quickly wither and 
die. A man weighing 154 
lbs. contains 116 lbs. of 
water. In absolutely dry 
air, he would quiekly es- 
hale this from skin and 
lungs, eshausttho tissues 
of tbeir fluids, and shrivel 
to a mummy. 

Its Precipita- 



tion.— When 







rents of air of different 

temperatures, saturated with moisture, meet and mingle, the re- 
sulting mean temperature falls below the point necessary to hold 
ail the water .in a state of vapor, therefore a portion of it must 
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lot OJ 






vouldfoUow! 673, Wert 



d^vGoogle 



CUEMISTET. 

fall, A gentle precipitation produces clouds, a more rapid one, 
rain. Thus, southerly winds loaded with, humidity, coming in 
contact with the colder air of northern latitudes, TiBually give 
rain. For the same reason, the contact of mt in motion with the 
cold surface of the earth, eauses precipitation. This accounts for 
the fact that a larger amount of rain falls near the ground, than in 
the higher regions of the atm't)Bpherc. So currents of warm aii' 
Btriiing, against the side of a moimtain are cooled, and, as they 
rise, produce the clouds and excess of rain which are peculiar 
to mountainous regions. In Fig. 210, the arrows show the 
course of the air currents, and the effect when they etiiko a 



57B. When we remember that all the moisture which the 
atmosphere could hold, would make a sheet of water only 5 inches 
thick^no more, perhaps, than ia annually deposited as dew, we 
can only be amazed at the vastuess of the effects which it pro- 
duces in nature. So rapid and constant is the evaporation, that 
many times this quantity is precipitated in the course of a year. 
The amount of rain deposited isg ttth qt and d 
minislies toward the poles, 

576. The Oarbonio Acid which i d t tl tm ph 
in prodigious quantitiea and from nn m hi es 

necessary to the vegetable world is y t th a mal 
world. It is absorbed by the lea ai d m t t p 

portioa, if it were withdrawn, the vegetable woild would quiddy 
perish. 

B77. Liebig has shown that the air contains minute traces of 
ammonia, wliich are washed down, and may be detected ia rain- 
water. Trao^ of nitric aeid have bn qnydte d 
This substance is thought ta be for d b y e e y flash 
of lightning which darts across ih sky omb n ng a p i; n f 
the osjgen and t og n along the ne f urse and m ng 
this ac d The sal ne pa f clei of he an wa e as li y a e 
dashed nto loam anl spray ar ca d by he w nd fai' 
inland. All these s hstances a e gh wn b h ns 
and aid to q clien tl e t owth a n Th d a 

the iiir d wha w d f o 4 Wl 
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emanations of flowers, the miasms of marslies, and principles of 
contagion, thougli all producing effects upon the human body, 
cannot be collected from the air, and not nnfrequently elude the 
most delicate chemical tests. 

S78. The Atmosphere and the living World. — The relations of 
the atmosphere to living beings, the stability of its composition, 
and the wonderfnl forces that are displayed within it, have been 
but lately unfolded by science, and ai-e full of surpassing interest. 
The vegetable world is derived from the air ; it consists of con- 
densed gases that have been reduced from the atmospliere to the 
solid form by soJar agency. On the other hand, animals, which 
derive all the material of their structure from plants, destroy these 
substances while living, by respiration, and when dead, by putre- 
faction, thus returning them again in the gaseous form to the air 
from whence tliey came. In respect to air, the offices of planta 
and animals antagonize. "What the former derives from the air, 
the latter restores to it, thus maintaining its equilibrium and per- 
manence. We shall return to this subject again in Physiological 
Chemistry. 



CHAPTER IX. 

COMBUSTIOir ANI3 ILLUMI 

§ I. Historie Notice—. 

579. By the ancients fire was considered one of the four 
elements of nature— the most pui'e and perfect of them, which 
tended forever upward to its own place, the empyrean — the high- 
est heaven of pure fire and light. This doctrine held undisputed 
sway, so long as nature was not made a suhject'of experimental 
inquiry. But after a long period of laborious research on the part 
of the aJchemista, a new order of facts, was discovered, and a 
more definite theory of the cause and nature of firs waa de- 
manded. Accordingly about the middle of the 17th century, the 
German chemist, BECcnHii, propounded a new hypothesis of com- 

678. What is tliB i-elation of ths atmo- 
the siiDlent Uieocy concerning Are r What 
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bastion, ■wUich. wae farther illustrated by his eminent coantryman, 
Stahl, toward the close of the same century. This was the 
Phlogistic Sypothesit. 

G80. Hour Oombustion was Explained. — This doctrine as- 
sumed the existence of a rare ethereal principle called pJiIogisJ^on, 
which, could not be isolated, but existed in all bodies capable of 
hai'ning. In the net of combustion phli>giston escaped, and the 
burning ■was caused by its escape. The products of combustioD, 
which were deprived of phlogiston, and all bodies incapable of 
burning, were Biud to be depMogiilicated. When Peibbtlet had 
discovered oxygen, which pruduced intense combustion, he be- 
lieved that it acted by powerfully attracting the phlogistun of 
combustible bodies, and hence named it dephlogisticaied air. 

BBl. Difficulties of the Idea.— The fact that tiie metals when 
burned were changed to rust or cinders, was explained on the 
supposition that they consisted of this rust, or cql^x as it was 
called, and phlogiston ; when they were burned, phlogiston 
escaped and the cinders were left But at length it was obsei-ved 
tl t th ly w h th th m 1 f m h h th J 

w jddh th Idthyh 1 if anyth g1 Th 

hyp th h w w fB tly l^t t th b] 

t fc was pi d th t ihl g t w p pi i I j 

bjgpth bt wth wh h t w as ted tl t 

wh t pdthylmh Btthfts 

1 g m bl bylh 1)1 tl 

582 1 Abaid m ^Th d 7 I JS ^ (^ 

mt d t f tl b 1 (48) by L f F g 

tl d t! bl w t phi t Tl II mg f Id 

d wh h m ked th p d f th F h E ! t 
m tly f bl t t fi h 1 mi I 

y t m f h nust y w t 1 d wh h wis th m 
d lly w 1 1 th t t w I tl d h pi d t 1 

tt t 1 dm 11 1 g I d w th th 

dmtptfthtim tftlMdmL 

b d p t mm tt 1 t tl fl ra 1 

whil Im qmw btdthphlgt ytmf 

hmtyTh wdt fhhmit f w 

therefore, at first known as the French system. The eflcct of the 

leatoUaoverthtowt 530. What was the pLlogiatiotheorjf 661, How did It Mlf 
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new language was, in a gi'eat degree, to break connections with 
tlie past, and b;!9, perhaps, led those who oame after, to under- 
value the labors of the earlier chemists. 

533. Phlogiston served an important purpose in its day, and it 
scarcely becomea us to ridicule the doctrine, since we of the pres- 
ent, with our better light, are by no means esempt fi'oui the 
charge of entertaining ideas qnite as absurd. Su" David Bbewstek 
remarks : ' As to the generic idea of phlogiston, eiTOtieous though 
it was and is, it ia extant in aoienee yet ; for it is impossible to see 
wherein ealoric differs from it as a scientific conception, although 
elaborated with immensely greater precbion, except that caloric 
is the matter of keat, while phlogiston is the matter oifire. Both 
phlogiston and caloric are substances which have no esistenee 
whatever in the external world ; they have both been convenient, 
though flctition^ representatives of natural realities, and tliey have 
both been eminently nseful in standing for certain phenomena in 
their several days, but the latter creation of tJie materialiMng 
tendency of unripe Ecienoe, is not a whit better in essence than 
the former,' 

§ II. Comh'ostion and Seat. 

684. Comlrosfion a Chemical Process.— Comb nstion in its pop- 
ular sense, is that form of chemical action which is accompanied 
by the disengagement of heat and light, and which usually takes 
place between the oxygen of the air, and certain organic bodies, 
as wood, coal, oil, &c. The chemist, however, ^ves to the term 
a wider meaning, which includes all degrees of oxidation; the 
vioJent bnrning of iron in oxygen, or its slow rusting in the air ; 
the rapid consumption of wood in the furnace, or its gradual 
decay ; the vital process of animal respiration, by which oxygen 
is changed to carbonic acid in the living body, and warmth pro- 
duced, are all alike, to him, cases of combustion. 

585, It is an interesting circumstance that other cases of 
chemical action are brought about for the sake of the products 
formed, but in combustion the products are disregarded as worth- 
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less, and the operation valued solely on account of the forces 
wi'eh are itv iDcideiitai resnlt 

586. Lod e e e lor noily d v de 1 nto co iustibUs and sup- 
20 t a of 1 tok Atmospte c oxj^^en was lield to be a 
Bupporte ot combust on wli le hyA ogcn ca bon and iron, wliieh 
ba n in t were called combust bles But if the conditions of 
the espenment F g 177 he re erseil— that s f a jet of oaygen 
lo gnted m an atmosphere ot hydrogen— pre lisely the same 
eflea w 1! take placo osjgen w il tl en be the combustible, and 
hydrogea tl e suppo ter of omb tion The tact is, the action is 
mutual and of the same L nd on the part of b Ih elcmenta ; the 
distinction IS therefore groundless. 

587. The ProcaBS Ssif- supporting.— Every combnstible sub- 
stance requires & certain elevation of temperature in order to 
ignite, and the maintenance of this temperatnre is essential to the 
continuance of the combustion. After a substance is ooce kindled' 
the heat given off by the rapid cTiemical action is usually more 
than sufScient to maintain the combustion until the burning body 
is consumed. 

583. Cause of the Heat.— It has been eiplained that chemical 
action produces heat by conversion of the motion of chemical 
atoms into heat vibrations. We have atoms separated and power- 
fully attracted, like lifted weights : they rush together, collision 
arrests motion, and their force is given out as hesit. It is the dash 
or impact of tlie atoms of osygen against the elements of bnrning 
bodies, which gives us the heat and light of combustion. By figur- 
ing to ourselves the atoms shot across the molecular spaces with 
intense force, and thus parting witt their excess of motion, we 
have an explanation of the source of heat in combustion, which is 
in harmony with our latest knowledge of the nature of heat, and 
of its other modes of prodnotion, while in no other way is it pos- 
■bl 1 ■ ■ h m' 1 ■ ■ 

689 Up n wh Ui Am H d p d 
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Tbua, hydi-ogen ia burning, takes up weight for weight three 
times as much osjgen iis carbon doea; consequently, it gives off 
three times hs mucli heat. 

590. The complete burning of a combustible body requires 
the consumption of the same quantity of oxygen, whether the pro- 
cess goes on rapidly or slowly, and, in either case, the amount of 
heat set free is the same. Therefore, the intensity of the heat 
depends upon the rapidity of the combustion. Heat would be 
liberated from the burning of a pound of ooal in ten minutes, ais 
times as fast as if its combustion ooonpied an hour. This is the 
reason why the smith blows his fire, and why such powerful 
blowing apparatus ia applied to blast flimaces ; they diminish the 
tim.e of the combustion, and coiTespondingly increase its vehe- 
mence. The powerful blast or draft also serves to expel from the 
fire the products of eombostion which would impede it if suffered 
to accumulate. Yet eicess of air is detrimental to the burning 
process, by conyeying away heat, thus cooling the fuel, and 
checking the rate of combustion. 

591. One pound of wood charcoal will rtuse ft-om the freezing 
to the hoiling point 73 lbs. of water; 1 lb. of miaeral coal wilt 
correspondingly heat 60 lbs. of water, and 1 lb. of dry wood wilt 
raise 35 lbs. of water thi-ough the same number of degrees. These 
are the highest results ty careful experiments ; ia pi'aotice we 
obtain a much lower effect, both on account of irapeifect combns- 
tioB, and fi-om the fact that a large proportion of the heated air 
escapes through the chimney, before it has given off as great an 
amount of heat aa it is capable of prodncing. The weight of air 
required to burn the fuel, ia vastly greater than that of the fuel 
itself It takes 11.45 lbs. of air to consiime I lb. of charcoal, and 
as 1 lb. oooupies nearly 13 cubic feet of apace, the pound of char- 
coal will requhe about 150 cubic feet of air for its combustion. 

692. Eindling TempBrature.— Tlie temperature at which oxy- 
gen goes into rapid combiiation, differa with different bodies. 
Thus phosphorus ignites at 150° ; sulphur at 480°, while the hy- 
drocarbons require a temperature of nearly 1000° to kindle them. 
The stability of the order of nature depends upon the gradation 

depend! Eaampk. BOO. Its inttnailj'! How is Ihia iiluatraledf How maj- 
esresa of Bit \>e diiirlmenlal t 691. Compare ths Dealing oftbolB uf qliarcoal, min- 
eral ceal, nnd wood. How mucli air in roquitad lo oonsumo i lb. of eliarcOBl! 
692. How do kindlinj lempctnlUTOS vary ( How hue the art oE kindling firoB pro- 
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d arb f g b d Tl only brought into action 

t h h t mp D d tb b d 3 ignite at a much lower 

dg IkplfluH fl ts, wbiob are now compara- 
t ly w Id b m sal To 'make a fire,' requires 

a ft t f ;j d Ilk tl th tl, it haspiogressed witb 

tl d f li ght Fir t tl f ction of pieces ot wood , 

h fit t 1 and t d and lastly, witb the progress of 

bmtj ih ph izd match a, th very perfection of oon- 



^ III. Wlame and Illumination. 

593. Nature of Flame. — Flame is produced by the combiistioa 
of gases, and ia, hence, fire in motion. Substances which burn 
with flame, are either gases already, or they contain a gas which 
is set free by the heat of combustion. But flame does not neces- 
sarily produce light. In the huraing of pure osygen and hydro- 
gen, there is intense flame, but so little light that it can hardly be 
seen. If, into this non-luiainous flame, we sift a little charcoal 
dust, the particles of solid carbon are instantly heated to incan- 
descence, and there is a bright flash of light. The conditions of 
illumination aro, therefore, first, an intense heat, and, second, a 
solid placed in the midst of it, which remains fixed, and gives out 
the light. 

594. The Compound Blowpipe.— These conditions are fulfilled 
most perfectly by moans of the compound blowpipe of Dr. Hare. 

Fio. 211. "f"''® ^^^ gases are collected in gaso- 

meters, or more conveniently in in- 
dia-rubber bags, Fig. 311, which 
are connected by flesible tubes 
with the brass jet. Fig. 213 ; the 
Sow being increased by pressure on 
the bags and controlled by stop- 
cocks. The gases are emitted to- 
Biowpipo. gether and bumod at the orifice, a. 

■ffhen ignited, they produce a blue flame which is hardly visible, 
hut which has intense heating power, and produces the most 




d^vGoogle 



FLAME AND ILLUMINATION, 



239 



Fio 2U 







remarkable effects. Very fine wire twiateJ. together, or a st«el 
■watcli-spriog, burns witli a shonei 
of Bcintillationa. Substances whict i 
do not fuse in the hottest blast fur- 
naces melt in this heat like was, or 
dissipate in vapor. 

695. The Lbne BaU.— A little 
bill! of lime, howevei-, of the size of 
a pea, remains unaltered in the flame. 
It glows with a blinding brilliancy, 
producing what is known as the ' Drummoad light,' the ' Lime light,' 
or the ' Calcium light.' It ia emplojed as a substitute for the rays 
of the sun in the solar, or osyhjdrogen microsoope, and is used in 
coast sarveys for night signals. When reflected by a parabolic 
mirror in a pencil of parallel rays, it has been recognized in day- 
light at a distance of 103 miles. The hydrogen may bo replaced 
without much disadvantage by ordinary coal gas. 

596. In all ordinary illuminations tha principle is the same as 
that of the lima light. The substances employed arc hydrocar- 
bons : the union of oxygen and hydrogen gives rise to heat, and 
the carbon particles at the same time set free in the heated space 
and made luminous, are the source of the light. 

597. How the Candle Bums. — The materials used for i', 



raination, whether solids or liquids, are always convt 
before burning. The candle first becomes a lamp, 
and then a gas burner. When lit, the heat radiates 
downward, so as to melt the material of the candle 
and form a hollow cup filled with the liquid com- 
bustible, Fig. 213, and thus the candle becomes an 
oil burner. From this reservoir, the wick draws 
up the oil into the flnmo. Here, in the midst of a 
high heat, and cut off from the air, it undergoes an- 
other change exactly as if it were enclosed and 
heated in a gasmaker's retort ; it is converted into 
gas, and in this form finally burned. As the wick 
rises into the flame, it fills the interior as a sooty 
mass, and interferes with the combustion. To avoid 
this, wicks are sometimes plaited or twisted, so that 1 



rted into g: 
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in biii'niag they bend o 



o the side of the flame, attd a 



jcon- 



598. Structnvo of the rlsune.— -As the 
wick remaiDs thus unoonsumed in. the ia- 
terior of the flame, it is obvious there can be 
no fire there. If ive lower a piece of glass 
or a wire gauze oyer a candlo or gas flame, 
as in Fig. aii, we shall see an interior dark 
spa<'e suri'ounded by a ring of fire. Tliis in- 
ner sphere is filled with dark unhurned 
bjorocarhon vapors, wliich are enclosed by 
a sliell of fire, or burning gas. If one end 
of a small glaas tube be introduced into the 
candle flame, as in Fig. 315, ttese interior 
gases will be conveyed away, and raaj be 
lit at the other end. 

599. Order of the Oombuation.— There 
is an order of combustion in the flame, which 
depends upon the order of affinities, and this 
is the hinging fact of illnmination. la Tig. 
216, a represents the nuclens of iiydrocar- 
bon vapor. If now oxygen from without 

i.=3 irora i.iame. j^^^ ^.j^^ ^^^^ affinity for both its elements, 

they wonld be consumed together, with but little luminous efi'ect. 

But the oxygen deoomposes tlie gaseous compound, and^ seizing 

Fio. 2ia. upon the hydrogen first, surrounds a with the intensely 

A heated space, 6. At the same time the carbon pai-ticles 

/\C are set free, and being heated white-hot, give ont the mo- 

jhS. tion of light. The cone 6 is therefore the place of burn- 

/y5\\ ing hydrogen and the seat of illnmination. The incan- 

■'7 A V ^^^*°* carbon particles, as they pass outward, meet 

i'l /\\\ with osygen at c, and are converted into carbonic acid 

\\I \\i in the outer cone. 

J^W^' 600. To prove the constant presence of free carbon 
r~ — --^ in the flame, it is only necessary to introduce into it any 
L-v^ cold body, as a knife blade, or piece of porcelain, when 
Shcits of it will be copiously deposited upon it as soot. Fig. 317 

'™^' represents a cross section of the flame and the arrange- 
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ment of its parts; CH the uubnvned- carbou and lijdrogen, H 
the sphere of burning hydrogen across which the carbon particles 
float, and lastly the sphere of burning carbon. 

601. By noting any common flame, it 
■will bo observed that it burns blue, and 
yields but little light at the base. This is 
because the oxygen at this point is so abun- 
dant as to burn simultaneously both hydro- 
gen and carbon. If we move a candle Dame 
swiftly through the air, its light is dimm- 
ished for the same reason. The conical form 
of the flame is due to the currents of heated 
air ascending around it. 

602. The amount of light produced depends npon the inten- 
sity of the heat, as was before stated (890). Dr. Dbapeb found 
that & body at 2,600° emitted almost 40 times as muoli light as at 
1,900°. 

603. Efiect of Cooling the Flame.— If by any means the tem- 
perature of the flame falls below a certain limit it is immediately 
extinguished. The flame of a candle may be _ „ 

put out by lowering over it a coil of cold oop- 
per wire. Fig. 218. A piece of fine wire gauze ^p 
teld across the flame of a candle cools the 



combustible j 
so that they 
219. The ga 
flame to pass 
away by the w 



Copper Ci 



s below the point of ignitio; 

throngh the meshes in the form of smoke. Fig. 

may even become red hot and still not allow the 

rapidly is tie heat conducted -pi^ 219 

B. Tut the cooled gases may 
be rekindled above, when the flame wlII go o 
burning as before, Fig. 320. 

604 Safety Lamp. — On this piinoiplo the 
safety linp s c nstructed. The explosions ' 
of a buretted hy Irogen gas in coal i 
ftom the uniroto ted lamps of the mi 
caused m n e se destruction of life, and vari- GauzosiopBit^mamo. 
o s arrwge nents had been fruitlessly contrived to prevent these 




( in 



.ytiiB J 



1 or frei 



UlUa llglH al Iho base? To what 
60 Upon ■what doCB Ihe amount of light depenfl ! 80 
ii 21D 604 Wlat led to the IfiTeulion of tha eafety 
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terrible accidents. At -length Sib HoMPHiiY Dayy toot hold of 
P,n „,,n. the subject. He commenced a series of re- 

searches upon flame in August, 1815, and with 
' such sueceBS as to produce the perfected lamp 
,t the Eojal Institution of London in the auo- 
ceeding ITovemher. Vith large liberality he 
|l presented it to the public, unrestricted by a 

JSlj^ patent ; and it is interesting to remember that 
^»tJ the researches on flame to which -we are in- 
fffl dotted for the chief facts which have now 

Has burDB Bbovs, been stated, were prompted hy the noble de- 
sire of diminishing human suffering. As is frequently the ease in 
all departments of iuyestigation, so here ; others besides DavT con- 
trived safety lamps upon the same principle, imhnown to each 

eOB Ihty consist simply of ordmarT oil lamps enclosed in a 
cage of wile g<mze which permits the light to pass out, hut pre- 
r 221 ^enls all esit of flame. Fig 221 The space within 
the sauze often becomes filled with flame, from the 
burniDg of the mised gases which penetrate the net- 
work , but the isolation is so complete that the ejplo- 
BiTe mistuie without is not fired Fatal explosions 
still occasionally take place, hut they ai'e due to care- 
lessness ot the miners An explosion occurred not 
long ago killing nearly a hundred people, and it was 
subsequently traced to the tact that a miner had brohcn 
a hole into the gauze of his limp to hang it upon a 

60S. Infliisnce of the Supx>Iy of Air. — As the in- 
tensity of light depends upon the rapid consumption 
i of oxygen, there must be a free supply of air, and pro- 
1 for the ready escape of combustion products. 
The effect of a lack of air upon the flame may be seea 
Safety Lamj jjy placing a glass cylinder OTer a burning candle so as 
to cut off the air; the flame becomes dingy and feeble, Tig. 223, 
By slipping a couple of blocks under the cylinder, Fig. 223, the 
combustion becomes more energetic than it would be in the open at- 
mosphere, as by this means a rapid cniTcnt of air is brought into con- 
Giro Ub Msiory. OOS, Of what doea it oonaist! What is saifl of the effects of 
CarelcsBiiBss? 603, What esperimentB illiwlrate ths influence of supply of sirl 
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tact ■witL. the flame. If tlia cylinder be C' 
at top, the flame is extiaguished by tbe ac 
lation of the products of combuatioii. Oa tlie 
Otber hand too mndi air is injurious, as so large 
a proportion of osygen. mingles with the o 
bustible gaaes that the carbon and hydrogen b 
together. 

607. Argand Burner.— This is an arrange- 
ment for increasing both the supply of air and 
the burning surface of the flame. In the candle 
flame and gas jet, combustion only takes plac 
the outside. The Argand burner has a circular 
wick by which a second current of air is admit- 
ted to the interior of tlie flame, thus burning with 
a double surface. This effect is increased by a 
glass chimney contracted so as to 
cending outer current of air strongly upon the * 
flame. See Eig. 234. 

60S. Blowpipe Flame. — The high heat of the blowpipe flame 

is also dne to the introduction of air into the centre of its flame. 

This is accomplished by blowing through a tube 

the form, of which and i 



fleeted to the bor zonf al pos t 
clearly in Fig. 225 i d t 








portions which have 
represents the ia- 



foiTned by 

admisturo of tho 

oiygen with the 

unburned gases. 

The combustion. 

is here complete 
*'«"" '■""" and the he.1 o( "•'» " ' 

the flame most int«n5e. From & f o c is the lum n 
consists of unburned gases at a 1 "l temperat ri 
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powerful tendency to combine with oxygen and take it from the 
oxides of metals; it therefore 
forms a Ted-udng Jiame. At the 
estromo point of the flame there 
is a reverse effect. There, osy- 
gen at a high temperature is 
mechanically carried forward, 
and if driveu against a metal 
rapidly osidizes it ; this point is 
therefore known as the imdk' 
iv^ Jlav 




• It 



t f 



t 



igtheBk 






that th 1 m L wL Ii 1 
been h se t m mL 
tible h di n sally tS. 
only o adapted t h pn 
poae. Th u: p d t arb 
acid and watery vapor, are transparent a d th f d t 1 
and eclipse the flame. They are also inodorous, tasteless, ani 
in small proportion, inuoououa ; while the osides of all other con 
buatible substances capable of existing in a gaseous state ai 
pungent and irritating. 



CHAPTER X. 



TDE nALOGENS, OK SALT FORMEES, 



610. The bodiea that compose this group are Olilorino, Bromine, 
Iodine, and riuorine. Thoy are characterized by their indifference 
fo each other and their strong affinity for the motala, nniting with 
them to form a class of compounds of which chloride of sodiam, 
or common salt is the type. Hence their n 



irihsproauotsotcotobuatLon! 610.'' 
jianiBai 811. When and bywhom w 



'e the haloguni 
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CHLORINE AND ITS COMPOirNPS. 



§ I. Chlorine and its Compoiinds. 



Sym. 01. Eq\m. 35.S Sp. Gr. 2.4T. 

611. CHorino was diacOTered by Sohbble in 17M, while noting 
the action of cilorolijdric add upon peroside of manganese. It 
ia neyer found free in nature, hut exists ahuBdantlyin the mineral 
world, chiefly in combination with tlie metal sodium, as common 
salt. Animals and vegetables alao contain it in this condition. 

612. Preparation.— SoesBLB's method of obtaining chlorine by 
the action of chlorohydrio acid on peroxide of n 
generally adopted. The manganeae is placed 
in a flask pi-ovided with a safety tube for \ our 
ing in the acid, and a bent tube for oondutti „ 
the gas to tlio receiyer, Fig, 227. A little acid 
is first poured in and well shaken up with the 
manganese in order to wet erery portion ot it 
more acid is thou added and a gentle beit ar 
plied, when the gas is given off copiously It 
may be collected over warm water or 1 r le 
and also by displacement, aa seen in the fitui c 
The greenish color of the gas from which it 
takes its name will indicate Vhon the yes el 
is filled. The reaction may be thus espreiiged 

MnO, + SHOl = MnCl + SHO + 01. 
Chlorine may alao be prepared fr 
sulphuric acid and oaide of mangaiieae. 

S13. Piroperties.— Chlorine ia one oft] 
elements, surpassing even osygen under si 
dinarily it is a yellowish-green gas, but by a pressure equal to four 
atmospheres it may be condensed to i tranip^rent, yellow liquid 
which remains unfrozen ot— 320" The gas has a peculiar, aufi'o- 
catmg odoi, and if mhaled, even when considerably diluted, pro- 
duces distressing jmtation ot the thioat and lungs. When re- 
■spired, however in ■very minute quantitie'i it is not only harm- 




salt by the aid of 



most energetic of the 
.e circumstances. Or- 



:s Oia propettleB of et 



t Wbat does Fig. 2 
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less, but is said to be beaeflcial to those affected with pulmonary 
disease. OhJorine maintains combustiou; many 
Fia. 22S. ijodiea burn in it readily and some take fire in it spon- 
taneously, snob, as pliosphorua, finely powdered 
antiuiony, and arsenio. Many organic compounds, 
ch in hydrogen,' ara decomposed by it so rapidly 
3 often to burst into flame. A piece of paper 
' saturated with oil of turpentine and plunged into 
ayessel filled with chlorine, Tig. 228, emits a dense, 
black smoke and usually ignites, from the rapid 
decomposition of the turpcctine. Ohloi'ohydric 
acid is formed and carbon deposited. 

614. Cold water absorbs about two and a 
half times its own bnlk of chlorine, the solution 
*^cSod'iia '" acquiring the color, taste, and smoll of the gas. 
If this solution is cooled down to 36° F., a defi- 
nite crystalline hydrate of chlorine is formed, having the formula 
CI -t- lOHO. Liquid chlorine may be readily obtained from these 
crystals by hermetically sealing them in a carved tube. Pig, 329, and 
applying a gentle heat. This liberates the chlo- 
rine, wJiich, pressing upon itself, assumes the 
condition of a liquid. It may be distinguished 
from the water present by its yellow color. 
Clilorine solution readily dissolves gold, and 
also acts in some cases as a powerful osidizing 
agent (808). Light decomposes chlorine wa- 
ter, giving rise to clilorohydric acid and free oxygon ; hence it is 
necessary that it be liept in bottles protected by some opaque 
covering. 

615. Bleaching Properties.— One of the most valuable quali- 
ties of chlorine is its bleaching power. A solution of it in water, 
or the moist gas, immediately dischargee the coloi-s of ordinary 
fabrics, indigo, common ink, &c. It is principally used in bleach- 
ing cotton doth and rags of which paper is to be made. We 
have seen that oxygen is a powerful bleaching agent (457), and 
in chlorine bleaching it doubtless takes an important part. Kot 
only does chlorine destroy the coloring matter by uniting with its 
hydrogen, but in moist bleaching it decomposes the water, setting 

How ore chlorine crjBtalB obtained? Liquid cLlorinel Properties of ehlorino 
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free osygen which, la its n uscent state, acts powerfully to oxidate 
and destroy the colonng pa: tides. Dry chlorine will not bleach ; 
it acts only through the agency of water. But it ia so powerful 
that, if the hleaohing solution ia not quickly removed, it corrodes 
and weakens the fabric. It has no action upon carbon, and there- 
fore does not bleach printer's ink, .Hitrate of silver added to a 
solution containing chlorine, or a soluble chloride gives a white 
precipitate of chloride of silver, AgCI, which on exposure to light 
changes first to violet, and then to black. It is the universal test 
for chlorine, 

616. Allotropio Ohlorine.— This element, like oxygen, has its 
active and passive condition. When hydrogen and chlorine are 
produced and mingled in the darh^ they do not unite ; if exposed 
to diffused daylight, they gradually combine, and if to direct 
Bunlight, they combine explosively. Dr. Draper found that 
ohlorine gas which had been exposed to suiisMne acquired the 
power of rapidly combining with hydrogen in the dark, and re- 
twned it for some time. When prepai-ed in the dark, it is in a 
pa^ive condition, but the effect of light so re-arranges its mole- 
cules as to exalt its activity and eompletely change its character. 
In its active state chlorine is highly electi-o-magQetio ; in its pas- 
sive state, it seems to become electi-o-positive, and capable of re- 
placing hydrogen in combination (922). The more refrangible 
rays are chiefly instrumental in producing this change. 

617. Compounds of Ohlorine. — Owing to the active character 
of chlorine, it forms compounds with nearly all the elements. It 
unites directly with many of the metals, producing chiorides, and 
also forms several impoi-taat combinations with the non-metallic 
elements. The metallic chlorides will bo noticed under the met- 
als; — we give here its more important non-metallic compounds. 

6X8. Chlorohydric Acid. SGI {HydrochhHe Acid, Muriatic 
Acid).—Tsie conditions under which these elements unite have 
just been noticed. The result is ehlorohydric acid, a transparent, 
colorless gas, endowed with intensely acid properties. Two vol- 
umes of hydrogen combine with two of chlorine to form four 
volumes of the gas, no condensation taking place. 



i eiD. How dops KitiatQ 
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619. PteparaUon^-FoT experimental purposes tie gas may be 

readily obtained by heating a strong solution of cUorobydrio acid 

in a glass flask famished, with a perforated cork through which a 

^ bent tuba passes for conducting tlie 

gas to the receirei Jjg 230 is a coq- 

Tenient arr'mgement for this purpose. 

The gas must he collected by dis- 

llaoement as it 33 greedily absorbed 

by w ater 

620 Propertie» — CUoiohjdric 
ao d gas IS mre'iirable very irri- 
tating to the eyes and not a sup- 
„ poiter of combust on It is some- 
what heavier than air having a specific 
gravity of I Si Under a presure of 
40 ^tnospherei it condenses into a 
ijozoD When allowed to 
,8 combines with its moisture so rapidly 
;e white fume? bo groat is its afiinity 
lor witer that a lump of jes placed m a jar of the 
gaa 13 liquefied, and the gas instantly absorbed. 
Fiee ehlorohjdrio aoid forms with ammonia dense 
white clouds of sal-ammoniac, as may be shown 
by bunging near each other two glasses, Fig. 2B1, 
ae lontaming the acid and the other the alkali, 
621 At a temperature of 40° F., water ab- 
j) sorbs about 480 times its bulk of chlorohydric 
in volume about one third, 
Gaaae proaucmg s and forming a colorless fuming, intensely acid 
hquid, hiving a specific gravity of ahout 1.247, 
known is muriatio acid, spirit of salt, &o. This solution is one 
of the most important requisites of the laboratory, and is also used 
for many purposes m the arts. The gas may be generated on a 
small scale by the action, of dilute sulphuric acid on common ''alt 
aided by a gentle teat. Good propoit n a tw jat byw E^t 
of dilute aoid to one part of salt. Tl g^s b b d by old 
water which is contained in a serf t b ttl nn t d with 
the g«neratmg flask, Fig. 283. The t n n t n thede- 
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CHLORINE AHD ITS COMPOUNDS. 

oompositiou of tho witer of tlie eHljliuric OliiI, 

taking the chlorine of the salt 

(which 13 composed of ijilurme 

and sodium), and foiming v, ith 

it ohlorohjdno acid, whde the 

oxygen unites with the sodium 

to form soda. The sulphuric 

acid combines with the soda, 

producing, if the acid la in ex 

cess, a bianlphate, "nhJe the 

gas escapes, and is til,eii up h^ 

the water in the hottlts r\ 

pressed in symbols we h«ne 

H-aCl + 2 HO, bO= = NaO, HO, SSOa + HOI, 

622. Tho condensation of ohlorohjdrio aeid gas is attended 
with the liberation of a large aiaoout of heat, which raises the 
temperature of tho water, thna reducing its capacity for absorbing 
the gas. To obviate this, the bottles are snrroanded by ice, or a 
misture of ice and salt. In the manufactare of the acid on a 
large scale, the decompositions are carried on in iron cylinders. 
The acid is condensed in stoneware vessels arranged lite Woulfe's 
bottlea 

623. Chlorohydrio acid gas occurs in large quantities as an inci- 
dental product in the manufacture of carbojiate of soda from eora- 
nion salt, Until within a few years, the gas was allowed to escape 
into the atmosphere, where it condensed, and fell as a corrosive 
rain, to the great detriment of the surrounding vegetation. It is 
now condensed ia large towers, built for the pnrpoae, and con- 
nected with the furnace in wMoh the salt eake or sulphate of soda 
is manufactured. Pnre chlorohydric acid is colorless, but the 
commercial artiole has a yellow tinge due to organic impurities, 
free chlorine, iron, &c. 

624. Nitro-Chlorohydrio Aoid. — A mixture of chlorohydric 
acid with nitric acid, oonatitntes the aqua regia, or royal water of 
the alchemists, so named fi'cm the power it possesses of dissolving 
gold, the ' King of metals.' The mixture acts by setting chlorine 
free, which, at the moment of its liberation, attacks the metals, 
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disaolving and oombinmg with them. The proportions for the 
misturea nre two measures of chlorohydric to one of nitrio aoid. 

625. Chlorine and Oxygen — The afSnity of oxygen for chlo- 
rine is so feehle that the two elements can only he induced to 
unite by indirect means. The combinations are numerous, but we 
can only notice a few of the most interesting. 

626. Hypochloroua Acid, CIO, may he obtained hj passing dry 
chlorine through a tube filled with red oside of mercury. A 
portion of the chlorine takes the place of the osygen, forming 
chloride of mercury, while another portion unites with the osy- 
gen, at the moment of its liberation, forming hypocHorous acid. 
As a gas, its color is a shade darker than that of chlorine, and it 
has a similar pungent odor. It ia a powerful oxidizmg agent, and 
possesses remarkably strong bleaching power. 

627. 3BleaoMng Oampouuds,— When chlorine is passed through 
recently slaked lime (hydrate of lime), large quantities of the gas 
are absorbed, forming the bleachitiff powder of commerce, A few 
chemists regard this and the similar compounds of potash and 
soda, as formed by the direct combination of cblorine with the 
base, having the formula in the case of lime OaO, 03. The ma- 
jority, however, maintain that they are compounds of hypochlo- 
rous acid with the base, which would make the symbol of the lime 
compound OaO, 010. According to this view, the substances 
formerly known as chlorides of lime, potash, soda, cfcc, are hypo- 
chlorites of these bases. 

628. HypoohlorilB of Lime, CaO, CIO. — This is a white, spar- 
ingly soluble powder, used in great quantities for bleaching pur- 
poses. In the bleaching of cotton fabrics, the goods are first freed 
irom all greaay impurities, and then digested in a solution of this 
powder. .They are next dipped into very dilate sulphuric acid, 
where the chlorine is liberated, and exerts its bleaching power. 
This process requires to be repeated several tiraes before the color 
is entirely discharged; after which the goods are thoroughly 
washed in water, ia order to remove all trace of acid from the 
fibre of the cloth. 

629. The change efi'ected in modera days in the process of 
bleaching, is a striking example of the value of chemical skill as 



leaohLoe compouniia J 623, How ia tho liloacli. 
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applied to the industrial arts Tormeily cotton aad Imen fabrics 
were bl ached by steeping them in alkilmo liqiioia then boiling 
them m ^atei, and esposiQg them foi x long t me upon the grass, 
Tihere they nere frequently sprinkled onl thi^ was followed by 
scaling them tor weeks in sour milk This was repeated again 
ind agam the piocess being not only slow and tediouo, but 
iwimring i Urge amuunt of manual labor and a great extent of 
gr fw land The subatitution of dilute sulplinric acid tor the sour 
TOilL m diaaolvmg out the alkiline matttr greatly ledit-ed the 
t me in this part of the process while the s ibae juent application 
of chlorine still fuithe shortened the operation so tliat in two 
dava la now aoLomphahed what formeily took Irom. loui to eight 
months 

630 Chlorine is a d gi ifectant It acts in the aame way as 
m bleaching by decomposing nosioua effluvii. The chloiides of 
lime potash and aoda aie the compounds beat adapted to this 
i iipoae aa they gradually L^che the gas at ordimiy tempera- 
tures Ghhiimetiy is the name ei^en to the piocss li which 
the percentage of chlorine is deCeimined in those compounds from 
which it may be obtained as a bleaching agent The most accu- 
rate method, as devised by GiT-LuasiO, consists in ascertaining 
the amount of arsenious acid which conld be peroxidized by a 
known weight of the bleaching powder. 

631. Ohlorio Acid, CIO,. — This, the moat interesting oomponnd 
of chlorine and osygen, has nerer been obtained in an nncom.- 
biued form. It always retains one equivalent of water, OlOjIIO. 
If chlorine gas ia passed through a strong solution of caustic 
pLitasli, it ia rapidly absorbed, and a bleaching liquid formed, 
which, on tiie application of heat, loaea this property, ^nd is con- 
verted into chloride of poiasaium and chlorate of potash. The 
chlorate of potash may be separated from the solution by erystal- 
lination, as it is less soluble than the chloride. Hydrotiuo-Hilicio 
acid, adJed to a solution of these crystals, unites with the potash, 
cariying it down in an insoluble state, thus liberating the chlorio 
acid, which may be obtained in a aimpy fonn, by evaporating the 
solution at a heat not exceeding 100^. A higher heat deoom- 
poaes the acid. While in this state, it ia Tcry nnstabie, being de- 

tiig ElTcGlea! B29. Haw >b the chwKO la (lie mode of bleaching epoliEn of? 
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composed by tlie preaenoe of any combustible matter, and even 
T>y diffused" dayiigLt. 

632. Chlorates.— The chlorates are characterized by the ease 
with which they yield their osygen on the application of heat, by 
their powerfol affinity for combustible substances, and by scintil- 
lating when thrown upon ignited coal. They are used as a source 
of osygen, and in the manufacture of fireworks. 

633. Chlorous Acid, Peroxide of Chlorine, and Ferchlotio 
Acid may be obtained by the decomposition of chloric acid. Sul- 
phurio acid, poured upon chlorate of potash, liberates ckloToua 
acid in the form of yellow vapors, which are very explosive. 
Peroxide of elilorine is also explosive. It resembles chlorous acid 
in appearance, and dissolves in about twenty times its bulk of 
water, forming a powerful bleaching solution. PerchloHt add 
is the moat stable of the oxides of chlorine, and readily forms salts 
with various bases, which are all soluble, and decomposable by 

§ II. Bromme, Iodine, Fluorine. 

BKOMINE. 

Sym. Br. EguiD. 80, Sp. Or. at 33°, 3.187. 

634. Bromine "waa discovered by Bali.aed, a French chemist, 
in 182S, in. the ' mother liquor,' or bittern, left after the extrac- 
tion of the crystallizible salts from sea water. This is the prin- 
cipal source of the element, although it is found in the waters of 
■various saline springs, and in a few minerals, Bromine is pre- 
pared by iotroducing into the mother liquor a current of chlorine, 
which sets it free. Ether is then added, whicb, on agitation, 
taies up the bromine, and rises to the surface as a deep rod 
stratum. 

635. Properties. — Bromine is the only element, except mercury, 
which exists as a liquid at ordinary temperatures. It is of a deep 
red color, and very volatile, with a disagreeable, irritating odor, 
from which its name is derived. It is a powerful poison, a drop 
oa the beak of a bird producing instant death. It has bleaching 

esa Daectibe the ohlorotoB. 633. What is eaia of ohloronB acid t Poroiiflo of 
oblortnol Perchloric acid! 6S4. Wliorc iBbj-omino toand! Howis Lt prepared; 
1135, PropBttlesof ttomlne) Uaea? 636. Wlat aro Iho eoiirces of loijino ? Its 
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properties, aud ia Boluble in water. It ia nsed in photography, 
and, in miaute quantities, as a medicine. Like chlorine, it forms 
an acid %Yith hydrogen, and also unites with oxygen, giving rise 
to bromie acid, tlie only Icnown compound of these two elements. 



Symi. I. Equw. 126.8. 3p. Gr. IM. 

636. This useful sub ta a w dig i hy M. Oouktois, 

of Paris, in J811. He h t b d t m k Ip or the ashes of 

sea- weed, and it ia still Ita n d f m this e for commercial 

p 1 es It exists in aJ sj nga, and h also been found 

m mm te q antity in e t m mm al In preparation the 

ash 1 ached, and th s luf n e p at d, until the more 

ad ly yt llizable salts are remived Tks mother liquor, wiiich 

nta n tl iodine as iodide of sodimn is then distilled with sul- 

ph d nd oxide of manganese when the iodine comes over 

p nd is deposited in the form cf brilliant, hluish-black 

al mbling plumbago in api eoiance 

637 P opertisa. — Iodine is a non conductor of electricity, and 

p ly oluble in water, though easily dissolved by ether or 

1 h 1 When heated, it rises aa a beautiful purple vapor ; hence 

t nam f m loafes, violet-colored. In various forms, it ia used 

t 1 medicine, hat, taken iu large doses, it acts as an ii-ri- 

t t I Tlie test for iodine is moistened starch, with which 

t f m 1 p blue compound. If the iodine is in combination, 

t m y b lb rated by the addition of a little chlorine water, as it 

is necessary to the success of the test that it be in the free mte. 

One part of iodine in a million of water may be detected by this 

638. lodohydrlo Acid, HI, may he obtained in the foi-ra of a gas 
by heating iodine in hydrogen. It is a strong acid with a pungent 
odor, very soluble in water, and readily decomposed by chlorine 
or bromine. Iodine combines with the metals, forming com- 
pounds remarkable for the beauty and variety of their colors. Its 
most important compound ia formed by ita union with potassium, 
which gives KI, or iodide of potaMium. Like chlorine and 
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bromine, it unites witli osygen, but the compounds possess no 
general interest. 

FLUOEINE. 

Sym. F. Eqmv. 19. ^. Gt. LSI. 

639. Fluorine is only known in combination. It exists in 
varioua minerals, but most abundantly in fluorspar (fluoride of 
calcium), from wbioh it is obtained as fluobydric acid by means of 
sulphuric acid. It is also found in minute quantity in tbe bones 
of animals and tbe enamel of the teetb, to which, structures it is 
supposed to give barduess. Fluorine forms compounds witb all 
the metals, and witb many of tbe non-metallic elements, but it 
cannot be induced to unite with oxygen, 

640. Floobydrio Add, HF {Hyd^qflwric Acid).— This may 
be obtained by decomposing fluorspar witb sulpburio acid, the 
operation being usually aided by a gentle beat. Owing to tho 
powerfully corrosive quality of this acid, it is prepared in leaden 
vessels. If required perfectly pure, platinum or silver vessels are 
used. The acid, as thus obtained, is a fuming, white liquid, which 
requires tbe greatest care in dealing with it, as, if allowed to 
come in contact with tbe skin, it produces a deep and exceedingly 
painful sore, veiy difflcult to heal. It combines with water with 
avidity, producing a hissing noise. Many of the metals dissolve 
in it, fluorides being formed, and hydrogen liberated. Potassium 
decomposes it witb an esplosion. 

641. The distinguishing characteristic of fluobydric acid is its 
8 action on glass. This may be shown by placing some 

powdered fluorspar, made into a paste with 

sulplmric acid, in a leaden cup. Fig. 233, and 

covering it with a plate of glass, previously 

smeared on one side with beeswax, through 

I which obaracters have been traoed witb a 

fine-pointed instrument. The wased side is 

placed nest the mixture, and a gentle heat 

applied to tbe cup. After the lapse of half 

an hoar, on I'emoving tbe glass, and cleaning off tbe was with the 

lud of a little oil of turpentine, the characters will be found eaten 

preparca 1 Wliai nra 
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into tlie glass. The acid has comhined with tlie silica of tiie glass 
at the exposed points. This quality is tafeen advantage of to etch 
the labels on glass bottles that are to be used in laboratories and 
drug shops, where corrosive substances abound. 



CHAPTEK XL 

THE PYROGENS OR FIKE PKODUCERS. 

I 1 Sulphur and its Com;pounds. 

642. The elements of this group, Sulphur, Selenium, Tellu- 
rinm, aud Phosphorus, are closely allied to each other' and marked 
by their strong attraction for oxygen. 

8I!I,PHUB. 

Sym. 8. Mquio. 16. <^. Or. S. 

643. Sulphur is a brittle yellow, solid, highly inflammable, burn- 
ing with a bright blue flame, and is insoluble in water or alcohol, 
but soluble ia biaulph d f b It d f 
electricity, and but a p d t f h t 

644. Sourcea^SulpI h d tl t b th f 
and in combination. It f d I 
districts, espeaially in th 1 i t b ly wh t m d 
ia immense quantity f thmltt Myp g and m 11 
lakes, in which it is ey 1 I h ml I as t t ft 
deposit it in consider bl q ntit It ts bm t 
witii various metals, f mmg iph de. a d as 1 1 t f 
sulphuric acid, it is fou d m gyps m a d th mm 1 

645. Sulphur exists in plants, entering their t m 
so!ub\e combination, and is present in a free state in th b d f 
animals, chiefly in their muscular parts. It exist g d 
discolors the silver spoons with which they are eaten by forming 
the black sulphide of silver. The efBciency of many preparations 
for staining tlie hair black depends upon the lead, they contain, 
which unites with the sulphur of the hair. 

diBtlnotive property of tbla gi^oupl 643, What are the propnrtlM of sulphur T 
«4.What8taUaaourooa( ««. Where alad does It esiat 1 64a. How Is it puriflad I 
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546. Sulphur is volatile, and sublimes bj heat. Advantage is 
taken of this propertj to separate it from the mineral impurities 
with which it is found associated. It undergoes a rough distilla- 
tion in earthen retorts. Iron pyrites contains 60 per cent, of sni- 
phur, which is sepai'ated either by roasting it in largo heaps in 
the wr, and collecting the melted sulphur in. cavities, or by heat- 
ing the pyritea in tubes, and running off the sulphur into vessels 
of water. 

647. Its Forma. — In commerce, sulphur exists in forms due to 
the different modes of its preparation ; Ist, as flour of sulphur, & 
pide, yellow, gritty powder, obtained by sublimation ; 2d, as Tiiilk 
of sulphur, where it is procured in a very minute state of subdi- 
vision, by dissolving snlphar in a solution of an alkali, and pre- 
cipitating it with an acid ; Sd, roll wlphw, or brimstone, obtained 
by running it into moulds in the melted state. 

648. Its Allotropio Statoa. — These are three. First, crystals 
_ which take the form of right, rhombic octa- 
hedrons. Fig. 234. They occur in nature, and 
may he produced by evaporating a solution of 
gulphnr in bisulphide of carbon. These orys- 

have a sp. gr. of 2.06, and undergo no 
change in the air. The second form is that of 
oblique, prismatic crystals, which may bo ob- 
tained by melting ordinary sulphur in a cruci- 
ble, and after it has cooled breaking the ves- 
sel, when the still fluid portion flows out, leaving a mass of crys- 
tals attached to the inner surface of the crucible, Fig. 235. These 
have a sp. gr. of 1.S8, are not permanent in 
the air, and require a higher temperature to 
melt them than the fonaor. 

649. The third allotropio condition is ob- 
I ^^ tained by the action of heat. Sulphur melts at 
^^^' 239° into a thin, pale, yellow liquid, in which 
solid sulphur sinks. If the heat is raised to 
480°, it changes into a thick, tenadous, rao- 
C'rystaia by Fusion. Xgaseg^ colored body, which, if poured into cold 
water, becomes soft and elastic, like India rubber. In this state it 
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is used to take Impressions of medals, coins, &o. ; but it gradually 
resumes its former brittle condition. Sulphur ia consumed largely 
in the manufacture of gunpowder, friction matches, sulphuric acid, 
and in mediciae. It has an extensive range of affinity, ranking 
nest to osjgen in tliia respect, and forming many important com- 
pounds. 

6B0. Sulphorona Acid, SOi.— When sulphur is ignited ia the 
air, or ia pure oxygen, Fig. 236, it burns with a ^^^ ^^ 
beautiful blue flame, and forma sulphuroaa acid. 
This is a transpai-ent, colorless gaa, having a pun- 
gent snflbcating' odor familiarly known ia the 
case of a burning matcb. It estinguishes com- 
bustion ; henoe sulphur ia often thrown into the 
fire to quench the burning soot of chimneys. It 
baa a strong attraction for water. Allowed to 
escape into the air, it forms white fumes with its 
moisture, and a piece of ice thrust into the gai is H'l'-ing^ 
instantly liquefied. Water at 60° takes up large 
quantities of this acid, the solution formed having the taste and 
smell of the gas. By cold or pressure it condenses into a liquid, 
and evaporates so fast that the cold generated will freeze water 
even in a red-hot cniciblo. 

6BX. Sulphurous acid is iised as a disinfe tant and n bl h 
ing woollen and straw fabrics. The goods m t n d and 
auspsnded in largo chamhers, or, iu a small w y th y p t m 
inverted barrels, and exposed to the fumes t b m ilih 
The effect is produced, not by destroying th 1 n tt 
in the case of chlorine, but by the union of th a d S. th 1 
oring matter, which forms a white compound. If a red rose is 
held over burning sulphur, it is wbitoned, but the color is at once 
restored by weak sulphuric acid, which, being stronger, discharges 
sulphurous acid from combination. If woollens, after sulphur 
bleaching, are washed with a strong alkaline soap, the acid is neu- 
tralized by the alkali, the coloring matter liberated, and the yel- 
lowish color restored. 

652. Sulphurous acid may be conveniently prepared by heat- 
ing strong sulphuric acid with copper turnings. One equivalent 
of the acid parts with one equivalent of its oxygen, thus liberat- 
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ing the Bulplnirous acid gas, while tho oxide formed unites with 
aaothor proportion of the acid, prodnoing sulpliate of copper. 

6B3. Swlphmrio Acid, SojHO.—Thia powerful acid is of great 
interest to chemists and maEufaeturers. It is found native in the 
cratera of many voloaaoes, and in tho water of mineral springs. 
It was formerly prepared by distilJing diy sulphate of iron (green 
Titriol) ; hence its old name, tnl of vitriol. Now, however, it ia 
usually obtained by oomhiniag one equivalent of oxygen with 
sulphurous acid, SOi is thus converted into SOa. 

654. Sulphuric aoid may ha prepared on a small scale by an 




apparatus represented by Fig. 237. A lai'ge glass balloon, a,'ia 
connected by tubes with three flasfes. Flask b supplies it with 
aiilpbarous acid; c, with deutoside of nitrogen.; d, witli steam, 
and the short tube 
I furnishes air. These 
four substances react 
upon each other with 
continued pro- 

.... ... 1 ductzon of sulphuric 

acid. In the mann- 
faotory the balloon is represented by large chambers lined with 
sheet lead, and the flasks by furnaces, Tig. 238. Ic one furnace 
sulphur 13 heated, and pours into tlie chamber sulphurous acid, 
SOa. In another, nitre is heated in an iron pot with sulphuric acid, 

0, ha prepatoa I BBS. 
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by whicli fames of nitre acid, ITOs, ave produced ami delivered 
into the clamber. Tiie !NOs ia quickly deprived of an atom of oxy- 
gen by the sulphur, and becomes NO,. Steam and air are thrown 
into the chamber by another flue, and thus the conditions of action 
are secured. 

655, The proceaa depends npoa the property possessed by the 
higher oxides of nitrogen of osidiaing suJpharous acid at the ex- 
pense of the oxygen of the atmosphere. The sulphurous acid is 
converted into the sulphuric, the oxygen being derived from the 
air, and the deutoxide of nitrogen being the carrier that transports 
it. A small quantity of UOa may thus form an enfllesa quantity 
of SOa. TbcBe changes are represented in the following scheme. 
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656. The large chambers of the manufactory are divided by 
leaden partitions witli nari'ow openings, which aerve to facilitate 
the intermixtare of the gases as they pass on through the apai't- 
mcnts. The bottom of the chamber is always tept covered with 
water to the depth of two or three inches, to absorb the acid 8S 
it falla. When tjie water has acquired a denaity of l.B, by the 
absorption of acid, it is drawn off and boiled down in glass or 
platinum retorts, until it has a specific gravity of about 1.8. The 
acid thus obtained contains one equivalent of water to one of acid, 
SOallO, and constitutes the ordinary sulphmic acid of tommerci. 

651. Properties.— Sulphuric a*id has a thioL, oily appearance 
ia without odor, and has at first a soapy feci, but it apeedilv cor 
rodes the skin, causing an intense burning aeniafion It is the 
most powerful of acids, and has an inteu'.o afhnity foi watei 
Wlien a splinter of wood is dipped into it fui a oltort time, it turns 
black, the aeid taking away from it the elements ot water, and 
leaving the carbon. In like manner, it decomposes and chars the 

e action ili!pend t How islt efTpdea? 
ry? 657. WbHt ai-e tli8 properties of 
! fcir molsMiral Whal eSeets accom- 



IB ilrepnriition ! CSS Upon \t)u 
W)int furlhi^F occurs In Iho m 
iLurio aci<L Wlist 19 e^i of 1 
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akia and most other organic substancea by remoTing their water. 

Tf a little conoectrated acid is exposed to the open air in a sliallow 

„ dish it will 90011 double its weight fi'om the moisture 

f absorbed. When sulpliurio acii and water are misod 
they bhrinlc in bulk, and heat ia produced. A mixtnre 
of four parts concentrated acid to one part water, Fig. 
239, evolves sufficient heat to boil the ether in a test 
tube. The concentrated acid freezes at about —80°, and 
BfMiins ^'^"^ 8'- ''**'''■ ■P"'^® sulphuric acid is colorless, bu* shght 
Ethor. traces of orgauio matter, as dust or straws, turn it of the 
dai-k shade usually seen in coromerce. The commercial acid is 
cheap, but impure, containing traces of lead, arsenic, potash, and 
chlorohydric and sulphurous acids. 

65B. Sulphuric acid ia estonsively used in the manufacture of 
cai'bonate of soda and chlorine, of citnc, tartaric, acetic, nitric, 
and hydrochloric acids, of sulphate of soda, sulphate of magnesia, 
and yarioua paints, also in dyeing, calico printing, gold and silver 
refining, and in purifying oil and tallow. Its chemical uses are 
innumerable. The test for snlphnrio acid ia chloride of barium, 
with which it forms a white inaoluhle salt. 

659. Nordhanaeu SulphnHo Acid.— This is manufactured by 
the original process — the distillation of dried sulphate of iron in 
earthen retorts. It is a dihjdrate, having one equivalent of water 
to two of acid, 2SO3+HO, and ia the strongest variety of sul- 
phuric acid. It derives its name from being manufactured in the 
town of Hordhausen, in Sasony. 

660. Snlphuiic Anhydride, SOj.— This may he obtained in the 
form of a white snowy solid, bj distilling the Nordhausen acid, 
and collecting the fumea which pass over in a receiver surrounded 
by ,a "freezing misture. "While in this condition, it exhibits no 
aoid, properties, and may ho handled with impunity, if the liands 
are dry. But it fumea in the air, and rapidly absorbs moisture. 
When thrown into water it hiaaea like a hot iron, and the solu- 
tion thus formed possesses all the properties of the ordinary acid. 

661 . Hydrosulphurio Acid, HS {Sulphyd/rie Add, SutpTiuretted 
Sydvogen, Sulphide of Hydrogen). — This is a colorless, transparent 
gaa, having the well-known odor of decayed e^s. It is feebly 

panjr their unioti! What Is Baidof tho commercial add) GB8. For what Is ft 
used) WbsX is its tost! 669, Wliat is lie NDrflhauacn »oid! 660, HowiB the 
anhjdtiaoobtained) What sroitspropnrtifal 661. Give Iho compositioQof sul- 
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acid, and burns with a pale bluo flame, producing sulphurous acid 
aud water. Wten breatiied it is highly poisonous, and even whca 
much dCuted with air it has been proved fatal to many of the 
lower animals. By pressure the gaa may he condensed to a color- 
less, limpid liquid, whioli freezes at —123°, the frozenportion sink- 
iMa n the 1 qu d It readily dissolves in water, imparting to the 
Bolution ta ow n, taste and smell, as well as its slightly acid prop- 
e t ea Th s gss a an abundant natural product from sulphur 
sp mgs and the de as of organic matter containing sulphui-, aa 
dhnmen of eo"« flesli &o. 

662 Prepairation — It is usually obtained by decomposing pro- 
tosulphide of iron witli dilute aulphurio acid, 

FeS + 80s, HO = FeO, SOj + US. 

Fig. 240 represents a convenient ar- ^ ^ ^^^ 

rangement for its evolut on Th b 1 

pMde of iron should be 1 olten mto 

smalllumpa and placed itbeflasli The 

cork and tabes may then be at^jubted 

and first water and then s Iph r c ao d 

poured in. through, tbe funnel tube ' 

gaa is absorbed by the water of tl e i 

ond TMsel. The solution must be I 

in tightly aecured bottles aa ifesjoied | 

to the fur, it fa gradually deoompoaed 

Eydrosulphurlc acid is one of the most 

important chemical reagents and is used P i 

for precipitation of the metals ^ 

663. Bteulphids of Carbon, CS, (^. Qt. of Liquid, 1.272 ; of 
Vapor, 2.640,— This is a Tci-y volatile, colorless liquid, boiling at 
118.5°, has a sulpuroua odor and pungent taste. It has never been 
frozen, and ia used in thermometers which are to measure very 
intense d^reea of cold. It ia highly inflammable, burning witli a 
blue flame, and yielding carbonic and sulphuric aeids. It dissolves 
sulphur, phosphorua, and iodine, and ia dissolved in ether, but not 
in water. It is produced by bringing vapor of sulphur into con- 
tact with red-hot charcoal, the compound vapor being condensed 
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in cold vessels. From its high dispersive power over light, it ia 
used to fill hollow prisma of glass for spectrosoopio observations. 



§ n. Seleniwin and TeUwium. 



664 Th 1 m t f It h fb 
fdfhtll inbt th PI 

i: It b w b ttl 1 a f m tall 1 t J 

gl y t t It p t t g mLl t li h 

wthjgtfnad pi ttl 1 

ph and Iph and w h hydr t t m tl Id 

of hydrogen, a cumpound, if possible, more oflen^ivo than Ijh 1 
of hydrogen. 

TELLURIUM. 

8ym Te Eqah 64 5 Sp. Gr. 6,6. 

665 A raro snhstanco found sometimes native, but generally 
combined with metals. It has n metallic aspect resembling bis- 
muth and was formeilly clabaed with the metals, but it is now 
placed with sulphur and seknium on account of its strong anal- 
ogy with these bodies Its compuiiiids with oxygen and hydro- 
gen resemble those of its associates. 



sni. 

PHOSPHORUS. 
Sym. P. Equiv. SI. Sp. Gr. 1.63. 
666. This interesting body is a soft, colorless, half-transparent, 
-w&xj solid, BO estremdy inflammable that it takes fire in the open 
air by the heat of the slightest friction, and bums with great 
violence, emitting a brilliant flamo, and dense, white fumes of phos- 
phoric acid. If quietly exposed to the air it uudergoes slow oxi- 
dation, emitting white vapors of an odor like garlic. It must be 

It properliea. Uses. 664. "WTiat in selenium! 665. What Is tclluHnni ? 60Q. "What 
nro tho properties of pliosphorus! Why Is ii. Ji^pt under water ) What ore its 
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handled witb. cantioo, as the hums it produces are deep and difB- 
cult ti) heal. From its inflammabilitj it is kept nnder water. It 
is insoluble in water; partially soluble in etter, but dissolves 
readily in bisulphide of carbon and various oils. 

667. Source and Preparation. — Phosphorus combines with 
oxygen, forming phosphoric acid, and then unites with lime, produ- 
cing phosphate of lime, la this form phosphorus exists ia bones, 
the phosphate of lime forming the mineral portion. The skeleton 
of a man contains from 1| to 2 lbs. of phosphorus. To obtain it, 
the bones are first bnraed, and, the organic matter being con- 
sumed, they are reduced to powder and soaked in concentrated 
sulphuric acid. This decomposes tha phosphate, removing two 
thirds of the lime. The remainder is then heated to a high tem- 
perature with charcoal in a close vessel. The carbon unites with 
the oxygen liberating the phosphorus which rises in iipor and 
is condensed m water in the shape of yello« drops These are 
melted under w iter and forced into ti he thus f rmmg the ordi- 
narv "it ck i hoii hurui 

663 Discovery —Phosphorus was 1 ^covered by Bbandt in 
16b9 The name a gnifies lemer of I gM and vas giren on ac- 
count of its pr perty of being lam no is m the dark In all 
Its characti-rist c it wai a veiy extraoidmirj 1 Aj If 
touched it tool fl e and burned fir ouah eshalmg a Jcn'ie white 
cloud which gathered 1 te fleeces of snow 1 ut unlike snow hiss- 
ing like a red-]iot irou when toucJied with water or, if brought 
into contact with the body, blistering it like living fire.' We may 
imagine the mingled wonder and dread of the devout alchemists as 
they passed precious JitHe bits of it around among the initiated 
under a name which hinted their dark suspicions — ' tho Son of 
Satan.' 

669. Phoaphorescenoe.— If solutions of phosphorus in ether 
he spread upon the face in the dark, it causes a pallid glow, which 
soon passes awaj. The cause of this self-shining of phosphoi-ua is 
probably its slow oxidation. Berzblius stated that it became 
luminous in nitrogen, hydrogen, or even in a vacuum, but 
SoHRoTTEii'a more careful esperlments show that to produce the 
effect a little oxygen must always be present, 

670. Its Allotropio Forms. — Among the marked properties 

solventst 687. Whatis itSBOuroe! How fs U obUlned ! eas. How was italHrflt 
legardod t 6W. How maj- pbuBphoresoetioa be cxbibited t To what la It doa t 
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of this "imgular B!il)''tince it tlis divers ty cf ifs allotropto con 
ditiona It flsanines 'as different forma The jl sf la the common 
tranaparent stite or^itieous phosphorus Whoa this is ozposed 
to liolit mdoi water it changes to the second variety nhich is 
■white opaque and iesa fusble The thrl is i svmmetnoal 
crystal of the regular systi-m formed hj evapo atmg some of its 
solntaona The fourth is & black opaque variety pioduoed hy and 
den coolinf, of tha melted phosphorus Jiftk a "Joft eliatic auh 
stince flnilDgous to v 'icoua sulphur and foimed by suddenly 
coihig phosphorus when oear ita hodmg point and ^th a red 
amorphoi s sort which may be obtamed by exposing vitreous phoa 
phorua to the rays of the sun between two plates of glass. 

671. Thisredamorphoua variety may alao be produced by heat- 
ing common phosphorus in an atmosphere of carbonic acid, when 
it is obtained as a briclt-red powder. As vitreous phosphorus may 
be called the active variety, this is the opposite or passive form. 
It is heavier than the former, red in color, does not ahine in the 
dark, nor melt at the heat of boiling water. It exhales no vapor 
or odo 0X1 hzes but very slowly m the dir doea not change oxygen 
into ozone » chemically lod fferent towaid other elements, may 
be handled with impunity oi carni-d espoaed in the pocket, and 
ia not poiaonous whin odm mstered in doses a hundred times 
greatei thai would be fatal m the comraDn foi-m (G. Wiwon). 
At 500° it laieoonverted. into the active form and bursts into flame. 

672. UssB. — The chief use of phosphorus is in the manufacture 
of friction matches, and vast quantities are consumed in this way 
among all civilized nations. Iq mating matches the blocks are 
sawn by macliinei-y, and the ends first tipped with sulphur, aad 
then with an emulsion of phosphorus in glue, with a little saltpetre, 
oside of manganese, or chlorate of potash ; bodies all rich in ox- 
ygen. The manufacture ia not only dangerous from the esplosive 
nature of the materials used, but from the corrosive phosphoric 
vapors, which produce among the laborers the dlatressing disease 
known as caries of the lower jaw. An attempt has been made to 
avoid theae evila by the use of passive phosphorus in this manu- 
facture, but as yet with only partial succeas. 

673. Office in Nature. — The part played by phosphorus in the 
aoheme of nature ia of the highest interest, Esisting, combined 

alO. How many are ilfl sJlolroplc foriuflj Wliat are tHeyl 61L Wbnt ai'o IhB 
ptopertioa of poisWo pliOBpliorns f 6^2. For "sbnt ie phosphoi-us UBCiH Dcsci^ibe 
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with lime, in the prunitive and voleanio rocka, hy their gradual 
decay in the course of ages, it passes into the soil. The plants, 
with their thoiisand rootlets sucking up the soluble extract of soil, 
ohtain compounds of phoaphoniB, which rise with the sap to the 
!eaf. It is maintained by some that a portion of its compounds is 
here decomposed, the phosphorus being set free and thrown into 
the passive state by the chemical influence of the sunbeam (872). 
However this may be, it is stored up in the seeds which are des- 
tined to nourish man and the higher animals. One portion is em- 
ployed to build up the bony structure, while another forms a large 
constituent of the noryons system and brain. "What the precise 
ofBce of phosphoms in the brain may be we cannot say, but that 
it performs some high duty in the reactions of the mind with its 
organ, is manifest from the fact that after prolonged biain-eserciso 
there is a rise in the proportion of phosphoric products m the 
liquid oscretion. 

674.— Phosphoric Acid, POs {Phosplioric Anhydride) —When 
phosphorus is burned in dry osygen, Pig, 241, the 
dense, white vapors which are formed condense 
npoa the glass in snow-like flakes. This is phos 
phoric anhydride. It has a powerful attraction for i 
moisture, absorbing it from the air, or, if brought I 
into contact with water, seizing it with such vio- 
lence as to emit a hissing sound. Phosphoric acid 
is thus formed, which always contains water in 
composition. By evaporation, a vitreous-looking 
substance is produced, known as glacial phoa 
phoric acid. Its solution is very sour. 

675. The intensity of the atti'scfaon of phosphoras 
for oxygen may be strikingly shown by directing a 
stream of the gas against a small piece of phosphoms 
at the bottom of a vessel of warm water, when a bril- 
liant combustion will be obseryed beneath the liquid^ — !~^ 
Fig. 242. ^^^ 

676, Phosphoric acid is procurable from hones by 
the action of sulphuric acid, which displaces it by seiz- 
ing the lime, or by the direct osidaiJon of phosphorus 

tli6 procosB. What ia B^a of Its aaogeraj 87s. Whence do plan 
pbosphoruB? What areltiofflceBinlhoanlraal Byatem? Ita rela 
actloD! Bli What iBphoephorlo anhydride! Qlooial phoephoniB 
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by nitric acid. It comWnes with water in three proportions, 
forroing 

Monobasic or metaphosphoric acid, HO, POi. 
Bibasio or pyrophospborio aoid, 2H0, POs. 
Tribaaio or common pbospborie acid, SHO, POi. 
These three adds give rise to tbreo series of salts. 
677. Phoapbide of Hydrogen, PHa (Fhosphii/retted Hydrogen).— 
This ia a colorlesB gaa, with a yery offensive odor, is poiBonous when 
inhaled, and produced in small quantities by the decay ot an mal 
matter. It may be prepared by heating small fiagmenta of phos 
phorus with a strong solution of caustic potash in a letort The 
end of tlie letoit tube dips beneath water and as the ^as passes 
[t la bubbles it iises to the saiface and takes 
e spontaneously If some pieces of the phos 
" phide of cal^'ura iio thrown into a glass of 
witei, the lame thing tiLea place Double de 
composition with the wxter produces pliosihn 
lotted hydiogen which ignites at the suftce 
and forms biantiful wreaths of vapoi Pig 34j 
' .=. The other phosphides of bydrof,en are of little 
, interest 

678 Phcsphoms combmos with cl lonne so 
eneigetically as to take fiie It also forma nn 
merjus compuunds with loline biomiiie nitro- 
gen, and sulphur, but they are comparatively unimpu tait 
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Silicon mid its Compov/nds. 
Sym. Si. Equiv. 14. 
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combinaUoE witb. oxygen, forming silica. It loa tliree allotropio 
states: first, amorphous ailioon — a, lirowa powder; second, a 
variety resembling graphite ; and third, a crystalline fona. It 
holds an equivocal place in classification, some ranting it with the 
metals. It is difflonlt to separate, and is of no importance except 
to the scientific chemist. 

680.— Silica, 8iOa (Silicic Add, Silex, Sand).— Thia is a com- 
pound of silicon and osygsn, the propoi'tions of which are imaet- 
tled. Beezeliits held that it is SiOs, analagons to sulphui-ic acid, 
and this view has been generally accepted. But later chemists 
consider it as SiOi, or analogous to oarhonie acid. 

6S1. — Silica is the most abundant of mineral substanoea. Its 
purest condition is that of quartz, in which it forms beisagonal 
crystals terminated hy six-sided summits, Kg. 244. If _. ^j, 
this mineral is heated to redness and q lenol ed m n atei ^a, 
it is reduced to a fine, white, tasteless gritty powdei / \\ 
which is neai'ly pure silica. The chief constituents ot f-t — 4+n 
all sandstones is silica, and it oeouri m laige prcpurtion 
in many other i-ooks ; these, hj decomposition jieldthe [ J 

silicous principle or sand of soils The common flmt \ // 
and many valuable stones, as imethvst ■igate chake \/ 
dony, cai'nelian, jasper, opal, and lia donyx, coa'iiit of Qna t Cns- 
silica, variously colored by other substa ices 

682. SoluliiUty. — In pure watei and in all aads exce] t the 
hydrofluoric, it is insoluble, but it m dssohed bv alkahne aolu 
tions, Heaoe, all natural waters which c ntiin alkahne carbonates 
hold also in solution a little sil oa It wool he p e'*ent in such 
waters, as it deoays, the particles of silica are deposited in place 
of those that escape, and thus a copy of the wood in stone, or a 
petr^faclion,, is produced. 

683. It is an Aoid.— Though so insoluble and inert, silica ia 
really an acid, combining with bases, and forming silicates which 
are true salts. By tlie intense heat of the oxyh jdrogen flame it is 
melted into a pure glass, and may be spun out into threads. But 
when mixed witli alkalies it melts atalower temperature, combin- 
ing with, them to form ordinary glass. The most abundant min- 

ratted iiydro^at How ia it obtained! 678. Otter oomiionntla of pliospLoruel 
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erals, mica, feldspar, hornblende, serpentine, &c., which form the 
granitic, and mnay other rooks, are wlicatea of the alkalies and 
alkaline earths;— like glass, they are also salts. 

684. SUica of Soil. — At common temperatures carbonic acid is 
stronger than silicic ; hence, upon, many of the silicates the air 
exerts a destructive agency. Its carbonic aaid slowlj unites witfa, 
their bases, setting the sihoa free, thus forming one of the disinte- 
grating forces by which rocks are reduced to tho condition of soil. 
At the moment of its liberation it is soluble in water. In this 
way, but still more powerfiilly by the action of alkalies, siUca is 
dissolved by the water of soils, and, entering the roots of plants, 
performs an important office in giving stiffness and strength to the 
stalks of grains and grasses. 

686. Soluble Glass.— If 8 or 10 parts of carbonate of soda or 
potash are mixed with 13 or 16 parts of sand and 1 of chareoal, on 
being heated they melt, and form a mass resembling ordinary 
glass; bnt it entirely dissolves in hot water. This is known as 
soluble glass, and when applied to wood and other substances an- 
swers the protective pm'pose of a varnish or paint. 

686. Ita OoJIoldal Form.— If to a solution of soluble glass, 
chlorohjdrio acid be added, it neutralizes the alkali, and the silica 
separates as a transparent jolly — a fine example of the colloid 
state (88). It is a hydrate of silica, and is insoluble in water or 
acids. Tills gelatinous state may he continued by keeping it 
moiat, hut as soon as it is deprived of water it falls to a gritty 

687. PUioiide of Silicon, SiFg (Fluosilide Acid).— This is a 
colorless gas produced when fluohydric acid is liberated in contact 
with silica. "When passed into water the gas is decomposed, the 
silica becoming gelatinous, and the water a solution of hydroiluo- 
silicic 3cid,HF,SiFj. 

688. Silicates arc salts of silica, and form a large class of nat- 
ural minerals. Most of them are fusible ; some, however, melt at 
only very high temperatures. They are all insoluble in water except 
the silicates of the alkalies. Those artiGoial silicates which are 
of interest in the arts will be noticed when speaking of their 
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689. Boron is a raro substance always found in combinatioa 
with oxygen, as borafiic acid. It sti-ongiy reaeoiblca silicon, and, 
like it, is capable of assuming three allotropio states, 

690. Boracio Acid, BOa. — This is found as a natural constitu- 
ent of several minerals, but the principal supply is derived from 
thelagoons of Tuscany. Here, the acid issues from the earth along 
with jets of steam, and ia collected by throwing the jots into water. 
The acid is afterward separated from the water by evaporation in 
leaden, pans so arranged that they are heated by the vapors as 
thoy escape from the earth. It ia deposited in white, scaly orystala, 
which are purified by repeated crystallizations. These crystals 
have a glassy appearance, and are soapy ti> the touch. They dis- 
solve much more readily in boiling than in cold water, and form a 
solution having feebly acid properties. 



CHAPTER XIII. 

THE METALLIC ELEMENTS. 

§ I. General Properties of the Metals. 

691. Thg metaJs form the largest division of the chemical ele- 
ments, and are distingoisheJ by certain characteristics which they 
manifest in very different degrees. They have all a peculiar shining 
appearMice, called the Tnetallie lustre. Most metals, however, may 
be obtained in conditions free from this lustre, while aome bodies 
which are not metala, as iodine and plumbago, have also a metallio 
brightness. They vary in color ; several, aa silver and platinum, 
are white, with tints peculiar to each ; others, as lead and tin, are 
bluish ; iron and arsenic are gi'ayish ; calcium and barium a pale 
yellow ; gold a bright yellow, and copper red. 

692. Hardness, Brittlenesa, Tenacity.— In hardness the metals 
exhibit wide differences ; steel scratches' glass, while potassium is 
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Boft as was. Some, as bismuth and antimony, arc so brittle that 
they may be easily crusied in a mortar, while to pulverize gold or 
copper reijuirca immense force. Their tenacity, wbich is deter- 
mined by the amount of weight which wires of equal diameter 
will support, is also various. If lead he taken as 1, copper is 17 
and iron. 36, Heat generally diminishes the tenacity of motals, 
but in the case of iron and gold it increases it up to 213°. 

693. Malleability and Duotility.— Malleable metals are those 
which may be hammered into thin leaves. Gold heada the list, and 
has been rednood to a lilm the ■stfa^aTm "f an inch in thickness. 
In ductility, or capability of being drawn into wire, platinum 
stands first. Wollastom produced wire from it but jj.Sdti of ""^ 
inch in diametei;. The foregoing properties in each case vary with 
the testure of the metal. 

694. Speoifio Gravity. — In this respect also there are great 
differences. "While platinum is 23 times heavier than water, lith- 
ium is but little more than half as heavy as that liquid. The 
lightest metals have the strongest affinity for osygen. 

695. Fusibility.— The range of properties is here most remai-k- 
able. While mercury remains flmd at 80°, potassium and so- 
dium fuse below the boiling point of water ; silver and gold melt 
at a red heat, iron at a white heat (3,786°), and platinum only at 
the intense, but undertermined heat of the osyhydrogen blow- 
pipe. 

696. Volatility. — Mercury vaporizes at 683°, and several metals 
are so volatile that they may be diatUled from their compounds. 
Lead is largely volatilized, and copper slightly so in the smelting 
furnaces, and even gold is disa.pated in vapor in the focus of a 
powerful hurnii^ glass. 8ome of the metals emit odors ; arsenic 
^vcs the smell of garlic, while iron, tin, and copper by friction 
give forth distinctive odors. 

697. Conduction of Heat and Elactiioity.— TJ:e metals are ex- 
cellent conductors of boat and electricity, but vary in this respect. 
When separated from their compounds by electrolysis, they appear 
at the negative pole, and are hence electro-positive. It is remark- 
able that the vapors of the metals are non-conductors of electricity. 

698. The metals occnr in nature in three states. Pirst, some 

ao they vsrj'in iai-anesfl, lirlttloiieas, and tenaoltyt 693. In malleaHiUty and 
dnetUityl 694. SpoiMc gravity! Eelatlon to afflnity? 695. How <\o tliey 
aiffiit In ftalbllttyt 8M. In volotlllly! 697. Wlat is their relation to heat and 
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THE METALS. £71 

of theui, a3 gold, silver, platinum, and mercury, are often found un- 
combined, and are said to occur ia the naMive state. Second, 
many are found alloyed with each otlier, as gold and silver with 
mercury ; hut usually they oconr in comhination with the metal- 
loids, for which they have a strong attraction, These compounds 
are known as metalUe ores. 

699. Distribution. — The soil and rocks heneath us, aa has been 
stated, consist of metallic osides, but the chief metals used in the 
art? are not so widely dissemin^ited They are found in. various 
pi d t us d pth th ^1 in the form of seams, 

d p niugs among the older 
r ai d w i ores, and are called 
t m are various, tl e most 
tb J ction of tiro dissimilac 
th y accumulated theie in 

h. hi h have heen going on 

d wh h h heen occasioned by 
dft hmal it fth two contiguous roLt& ' 

(MiLLEK,) The ores are procured by ezcavatiug shafta m the earth, 
cutting horizontal or inclined galleries, and by picking, wedging, 
and blasting out the minerals. 

700. Treatment of Ores-— This is first mechanical, then chem- 
ical; the more Tftluabie the ore, the more care does its manage- 
ment require, hut the operations differ widely in different cases. 
The ores of lead and tin ai-e dressed as folJowa : when brought to 
the surface, they are sorted, the purest lumps being set aside for 
the smelting furnace. The residue is then broken by hammers, 
and again sorted. The rougher portions are then crushed between 
revolving cylinders and the product passed through coarse sieves; 
while the finer part is agitated in water by the hand process of 
figging. The crushing is completed in the stamping mill, which 
conMsts of upright, wooden beams, shod with iron and lifted by 
steam or water power, which are allowed to fall upon the ore. 
The products are repeatedly washed, and the powdered ores settle 
in layers according to their specific gravities. 

701. Boasting Ores. — After ores have been prepared mechan- 
ically, they are subjected to chemical treatment, which is twofold 

eleolrloUyl 6GS, In what llli-eo Btatea are the metnla tuund? 896. How do they 
TlBDally occur! llow are tha wiuB formedl HowworSeil? 700. How are lead 
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— roasting and reducing. If ttey contain volatile products, as 

Bulplwr or arsenic, whicli may be'ramoyed by oxidation or lieat, 

they are fii'st roasted. Tliis is done in an ovea-ahaped furnace, 

called a reverberatory, Fig. 345. The fuel is placed at one end, and 

the heated gases and flame are re- 

^'"■"^^ iieiieTated, or thrown down from 

the arched roof of the furnace upon 

the ore, which is distributed over 

its bed. In this way ores are ox- 

. idized. If they contaia sulphur, it 

I and escapes as sulphurous 

Old, while arsenic is cai'ried away 

sarsenious acid Sometimes, as in 

lie case of lead, the metal is at 

nee procured by the operation of 

" 1 ^•- - "-^ roastmg In other instances it is 

changed to the state ot oside and then requires another process to 

set it tr e 

^__ „^^ 703 Reduction or Smelting of ore? is 

tl chpmical p oce'.s of de sidition It is 

cfieoted by heatmg them to i high tem^ era 

t ire in contact with substances which take 

the oxygen fiom the metal by iipenor 

aflmity Carbon is the chief de xidiz ng 

agent and reraoyes the oxygen in the form 

ot carbonic oxide and ciibrnic acid For 

e removil of Tai ous eiithyimpuitties, sub 

stances are employe 1 terme 1 fluxes which 

combming with them melt and flow off as 

crude glaao or daq For laborxtory opera 

IS with tho metal'' smailf imaoeaireinhh 

LaTioraiury FuinaoB. peusable, such as those represented in Fig. 246" 

§ IT. Theory and Constitution of Salts. 
703. Salts result from the union of noo'metallic elements with 
the metals ; they are therefore to be considered as compounds of 
the metals. It has been stated that salt^ are formed by the union 
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of acids and bases, but a more complete account of their consitn- 
tion is now necessary. 

704. Two Kinds of Adds and Baits. — Wlieil oxygen was dis- 
coTered it was found by Lavoisiek to enter largely into the com- 
position of acids; it was therefore believed to he the nniveraal 
aeidifyiag principle, and given a name wHch signifies add-former. 
But it was afterward found that there ai-e powerful acids, as the 
ciilorohydric and iodohydrio, whioh contain no oaygen at all^ their 
common principle heing hydrogen. Hence two kinds of acids 
were recognized, oxacids and hydradds. 

705. In like manner it was at first supposed that all salts were 
double compounds, acid united to base, as au]phiiric acid to potash, 
EO, SOa- But it was at length discovered that this composition 
represents hut a part of the salt family, and if adopted would ex- 
clude coitimon soli itself, the very Bobstance from which the term 
salt was derived. For, although common salt is produced by the 
addition of an acid and a base, chlorohydric acid to soda, yet there 
is not a simple union of the two binary compounds, but a double 
decomposition : the acid and the base are each split, and two com- 
ponnds result; thus FaO-nHOl = NaOI-nHO. That is, when 
these substances are brought together, chloride of sodium and water 
are formed. Hence two kinds of salts are recognized, oxysalis and 
the haloid salts, or those which resemble common salt, from hales, 
the sea. But it has been latterly maintained that there is only 
one type of acids and one of salts, Davy started the hypothesis 
that all acids are properly hydracids, and all salts iino/ry. 

706. The Iiater View of Acida.— It is well known to chemists 
that when the osacida, snlphnrie, nitric, and phosphoric, are deprived 
of water, they no longer possess true acid properties. Sulpbttrio an- 
hydride does not redden litmus, nor corrode the fingers ; bnt if 
water be added, it instantly becomes a powerful acid. Now, as hy- 
drogen is present in allihehydraoids, and as the oxygen componnda 
only become acid by the addition of water which contains hy- 
drogen, it is assumed that not oxygen, but hydrogen is the universal 
anidifying principle; and if there is but one acid-former, there is 
probably but one type of acids. The elements which combine with 
hydrogen to form acids are called radicles, as chlorine, iodine, &o. 
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707. la fipeakiflg of cyanogen, it was Etoted that there is 
a class of compound bodies of whioli that substance ia a tjpe, whioh 
play the part of simple elements, and are called eom^und radicles. 
Cyanogen, NO,, combines directly with hydrogen (iiJte the simple 
radicle chlorine), to form, oyanohydrio acid, HNOj. ISov it is 
assumed that the osaei<l9 contain compound radicles in the same 
way ; and if this be admitted, the whole case is simplified. It is 
claimed that in aulphuno acid there is the radicle sulphion SO, ; in 
phosphoric acid, phoaphion POe, and in nitric acid, nitration NO c. 
These radicles unite with hydrogen, and thus the oxacids are 
binary. Sulphuric acid is snlphionide of hydrogen. The change 

OLD TIEW OP AOIDS. NEW VIEW. 

Phosphoric acid, HO, POs. H',P08, analogous to n,Oy. 

Sulphuric acid, HO,803. H, SO4, " " H,C1. 

Nitric acid, HOiNOj. HjNOa, " " H,Br. 

Hence we arrive at the following definition : An acid is the 
hydrogen eoiapound of a simple or compound radiele which pos- 
aessea the power <if neutralising bases; its general /ormulce being 
SB Qvyd/rogen, and radicle.) 

708. Later View of Salla.— From this point of yiew the com- 
position of fAU s also E mpl fied cne type of acids gives us also 
one tyre of salts By epl c g tie 1 j Irogen of chlorohydrio 
acid, ircl, bv od n we get conmoa sdt, H"a01. By replacing 
the bjd ogen of eyaaohylr acid by i otassinm, we get the salt 
cyanide of 1 otass m H^O And so by replacing the hydrogen 
of sulph aide of Jiydrogen by on we get sulphionids of iron, 
FeSO, n.'iteai of tVe old s Iphate FeO feOj. On this view we 
may diflae a salt to be the eompow d fom ed hy r^lacing the hy- 
drogen of a acid by t metal a d the general formula for a'salt 
is MS ( etal and radiele ) (F r d a ams readermg this sub- 
ject easy of comirehenion ee Authors Chemical Chart aad 
Atlas.) 

709 Estimate of the Hypoth sib — Although the foregoiag 
hjpothes s s n^en ons a d us f 1 and s perhaps growing in 
favor w th prog ea ve ehem ats j et p n. close esammation, it is 
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found liatlo to objection and, as remaiked by Phop. Milj.be, 
cannot be consideied 13 a oonect repies^ntution ot tbe composi- 
tion of a salt nndei all oiicumatance= A salt wlii,n once formed, 
may be regavdod as a wliolf it can n > longer be looked upon as 
consisting of two distinct paite, but as a new substance maintained 
in its existing condition by the mutual action of all tbe elements 
wMch compose it. These different elements are not all united 
with each other in every direction with an equal amount offeree. 
Ah a crystal deavea in different directions as tbe force is differ- 
ently applied, so a salt may split up .into different simpler sub- 
stances, according as the chemical force is applied one way or 
another. The probability therefore is, that neither the old nor tbe 
new view is absolutely correct, but that each may in turn well re- 
present the salt when subjected to tlie influence of different 
forces. 

710. Sulpho-Salts.— Salphur is analogous to osygen in chemical 
relations ; and as there are osyealts, so there is also a class of sul- 
pho-salts, exactly corresponding to them in constitution. 

711. Normal Salts. — The term normal salts has been applied 
to all those in which there is an atom of aoHfor each atom of 
oxygen in the liaae. Carbonate of potash, K0,00a,i3 an example. 
Where the base consists of a sesquioxide containing three atoms of 
oxygen, it requires three atoms of acid to form a normal salt. For 
example, alumina, Ali, Oj, requires throe atoms of sulphuric acid 
to form a normal sulphate of alumina, Alj, O3, 8SO3. 

712. If a solution of osalic acid be added to that of potash iu 
equivalent proportions, a neutral salt is formed. If this bo re- 
dissolved, and another proportion of oxalic acid be added, it unites 
with the salt already formed, and an acid or super-salt is produced 
which reddens litmus and crystallizes in a different form from the 
first. Basic or suls-salU have an opposite stmcture — the base pre- 
dominating oTer the acid. It has been stated that water in combi- 
nation plays the part of both acid and base. With bases it unites 
as a feeble acid, and with acids as a feeble base. When one atom 
of water is combined with one of acid, it forms a imnobasia acid ; 
if two of water, a hihade acid ; and if severaJ, a palybadc acid. 
Hence, by replacing the water of polybasic acids by metallic bases, 

aoes Prof. MTi.T.Ejteaj- of this tlimry! 710, Wlmt ore sulphoBaRB? 71L Wliat 
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we get suh-salta or haiio salts. If different bases combine with poly- 
basic acids, thoy produce double salts, 

713. In crystallizing from aqueous solutions salts combine with 
a definite proportion of water, which is contained in the crystal as 
water of cryatalliaation. Alum crystals contain nearly one half 
their weight of water. Certain crystals (Glauber's aalla, for exam- 
ple), if exposed to the atmosphere, pai't with their combined water 
by evaporation, lose their brilliancy and crumble to a white pow- 
der ; this is called efflorescence. Other salts when rapidly crystal- 
lizing confine mechanically ia their testure a portion of the mother 
liquor, causing them when expanded by heat to explode with a 
crackling noise, which is termed cUcupitahon. Othori, when es- 
posed to the air, absorb water and become semi liquid, the piooess 
being caUed deliquescence. 

The salts that have been produced are already numbeied by 
thousands, and there-is no end to their multiplication We shall 
haYC space to notice but a few, and those bnofiy. 



OHAPTEE XIT. 



714. Authors vary in their classification of the metals, but 
tliey are nsnally arranged according to their affinity for oxygen. 
We shall divide them into three groups ; first, metals wMcb decom- 
temperatures ; second, metals which only 
red heat ; third, metals which cannot de- 
The first group comprises nine elements, as 
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§ I. Metah of the Alkalies. 

1. POTASSITTM AND ITS COMFOUHDa. 

Potmsiwrn. Sym. E {Kalium). Equiv. 39. Sp. Gr. 0.866. 

715. Potassinmwaa discovered by Sir HuMPHEErDATTia 3807, 
together with sodram, barium, stroEtiuio, and calcium. Before 
that time the ollialies and alkaline earths had been considered db 
simple bodies, and the discovery of their compound nature forms 
an, interesting era in chemical science. Davy obtained this metal 
by subjecting moistened potash to the airtion of a powerful voltaic 
battery; the positive pole gave off oxygen, and metallic globules 
of pure potassium appeared at the negative pole. 

716. It is never found Iree in nature, but occurs abundantly 
in rocks and soils combined with oxygen, as potash. It is usually 
obtained by the action of charcoal upon carbonate of potash at a 
very high temperature. The carbonate is decomposed, the free 
carbon seizing the oxygen of the potash and escaping as carbonic 
oside, wMle the metal diatilR over into suitable condensers, 

KO,C03+20 = K:+300. 

717. Properties. — Potassium at common temperatures is a silver- 
white metal, and so soft that it may bo moulded like w-or It hna 
a powerful affinity for oxygen. If thrown npon the surface of 
water, instant decomposition takes place p ^ ,^, 
Fig. 247, the potassium uniting with the 
oxygen to form potash. The liberated hy- 
drogen, together with a small quantity of 
volatilized metal, is ignited by the heat 
evolved during the decomposition, and f. 
burns with a beautiful lilac flame aa the 

globule floats al)out on the surface of the liquid. Potassium de- 
composes nearly all compounds containing oxygen, if brought in 
contact with them at high temperatures, and many even at ordi- 
nary temperatures. Henoe,topreserveit pure, iti?kept injiopAiftfl, 
a hquid containing no oxygen. 
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718. Protorfde of Potassium, KO(Pnia«S). — This, the most im- 
portant compound of potassium, is always formed wlieii tlie metal 
comes in coutaet with, free oxygen. It has a powerful attraction 
for water, absorbing it with avidity when exposed to a moist at- 
mosphere, and forming a hydrate, or caustic potash, KO, HO. This 
IS generally prjcured. bT the action ot caustic lime m a bodmg so- 
Intion of carhonatod potash The lime unites with, the carbonic 
acid of thi. potaih forming msoluWe caibomte ot lime whioh sub 
Biles The clear 1 quid oontainmg the potash la bolutim is then, 
d awn off and coHcentrited by evapoiation If the heat be 
continued to a point littlo «hort of redieif the lijmd flows 
withDut ebuUti n and may then be inn into moilds where 
it solidifies on cooling formmg the small grayish white stnis 

719 Potash possesses allthepiopertits of the alkalies ma pre 
emment def,r6e It satuiites the most powerfiil acids chu^a 
vegetable yellons to brown restoies the bines dachargi-d by 
acidi and decomposes animal anl vegetable substani,e<i whethei 
livug or deid It la n ed m medi mo to i.ai teiiac and cleTnae 
nice s and toil aorei henoe its name au tu. jotiih If a 

olitonot potash be shiLen m a bottle with m3 fixed cil the 
two anito forming a sor? This aco unts foi the soft greaxy 
feel it his when tonchtd by the fingers as it decomposes the 
skin and forms i soap "with its oily elements "When taken mto 
the Bjatem, potash ■icti as a powerfiiUj ooiiosive poi on Its 
aotivo ol emieal tharaotei lendeis it an md =pensj,ble reagent in 
the laboratory 

720 Iodide of Potassmm, KI (ITyi lo I II oJ Potaili) —This 
may be forni.d by adding lodme to a solut on of potnah anl 
gently warmmg until the solition assumes a 1 lown tint It is a 
very soluble white sohd which ciystall zes m oubea and is much 
used in medicine. 

721, Oarbonate of Potaah, KO, 00a.— Potash exists in plants 
in combination with various organic acids. When the plwit is 
burned, these couibinations are broken np ; the organic acids are 
decomposed into carbonic acid and water, and the liberated pot- 
ash unites with a portion of the carbonic acid formed by corabus- 

718. "Wliot is potaahl HydrfLts of polaalit How la caustic potntli obtaiiiKlf 
■US. 'What areitaprapenles! Whit ia its aotion -witli oils ! llsuaealiiraedicinG! 
Iq Ule laboraloi'y ) 120. WMt is iodldo of polaBalum ) IlB uses! JM. How l8 
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tion, thus pi'odaoiag carbonate of potaah. This is a highly alkar 
lioe, deiiqueaceat salt, and is used Ini-gely in the mannfacture of 
Boap and glass, in preparing caustic potash, &q. It is also an im- 
portant reagent in the laboratory, and is a most Taluahle fertilizer. 
This salt rarely forms less thaa 30 per cent., and sometimes more 
than 50 per cent, of tlie weight of wood ashes. The ashes of dif- 
ferent plants, and even different parts of the same plant, yield it 
in varying amounts. Wood ashes fnmish the principal source 
of the carbonate of potash of commerce, from which it is obtained 
by lea<ihing them and boiling tlie solution to dryness in iron pots. 
The residue is called ^ta«S<», and these, when calcined, afford the 
impure carbonate known as pearlaak. Potash, or pearlash, there- 
fore represents the readily soluble portion of wood ashes, and con- 
sists chiefly of carbonate of potash with small amounts of carbon- 
ate of soda and common salt. 

722. Eloarbonate of Potaah, KO, SCOi,— This is formed by 
passing carbonic acid through a strong solution of carbonate of 
potash, which combines with a second equivalent of the acid. It 
is employed as a source of potash in the formation of many of its 
other compounds, aud 13 also used for m^ing effervescing draughts 
by adding citric or tartaric acid to its solution, which, combin- 
ing with alkali, sets the gas free. 

723. Nitrate of Potash, KO,NO, (Nitre, Sal^etr e).—Thm salt 
occurs 33 a native product in the earth of vai-ious districts in the 
East^dies, and is separated therefrom by leaching the soil, and 
aDowing the nitre to crystallize. It is artiflcially formed by heap- 
ing up organic matter with lime, ashes, and soil, and keeping the 
mass well moistened with urine for a period of two or three years, 
when the heap is Irdviated and the salt crystallized out. Besides 
these sonrces, nitre occurs in. the sap of ceitain plants, suoh as the 
sunflower, tobacco plant, &q. 

724. Nitre dissolves in about three times its weight of cold 
and one third its weight of boiling water. It is rich in oxygen, 
and when thrown upon burning charcoal is decomposed and defla- 
grates violently. Paper dipped in this solution, and dried, forms 
wiiat ia known as touch paper. "When ignited, it bnms slo'Wily and 
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steadily imtil conaumed , heii(,e ita use lu 1 fehtrag trams of gnn- 
powder, firework-', &c Kitre has a cooling saline taste and 
strong intiseptic powers Owing to the Jitter qaalitr it is 
used estenswelj m paclang meat, to which it imparts a luddy 
color It IS chiefly conaumed, Lowevtr, in the miiiut^cture of 
gunpowdei , the laige amount ot osygen it cuntains, and the 
feeble afBnity by ViLich it is held, adapting it for snddtn and 
rjpid oombu'iti'in 

726 Gunpowder la an mtimite mechanital mistuie cf about 
1 pirt nitie, 1 pait frulibm and 3 paita clarci il Thtsepiopor 
tion&,however, vary somewhat in diffeient countries as well is in 
different soits of powder More charooil adds to its joiier, but 
also cansci it to attract raoi'iture from the air, %* hich of course m 
jures its quality Foi blasting rotki, where a sustained tnrc«, 
rather than an instantaneous one is lequued, the powdoi contains 
more sulphur, and la even then often mixed with sawdnst to le 
tard the explosion 

723 Manufacture. — The nitre, sulphur, and charcoal, haVing 
b gr 1 1 sifted aeparately, are thoroughly mixed and then 
m 1 mt thiok paste with wator. This ia ground for some 
li rs d dge stones, after which it ia subjected to immense 
p b tw n gamnetal plates, forming what is kqown as 

pr -83 I Tl se cakes are then submitted to the action of toothed 
U wh by tbe granulation of the powder is effected. The 
g ai thus f raed are sorted into different aizea by means of a 
f and thoroughly dried at a steam iieat. The last 

p tl th t of polishing, is aeoompliabed in revolving barrels, 
fte wh h the powder is ready for market. The heavier the 
p wd th g ater is ita explosive power. Good powder should 
t p between the fingers, giving no duat when mbbed, 

and have a slightly glossy aspect. The explosive power of gun- 
powder is due to a audden formation of a laige volume of nitrogen 
aiid carbonic acid gas; one volume of the powder giving about 
1,800 volumea of vapor. Mretoerls contain nitre as a chief in 
gredient, mixed with charcoal, sulphui ground gunpowder and 
various coloring substances. 

737. Chlorate of Potash, KO, 010 — Th i may be formud by 

J94, What is louuh paper) Por -whiit uaedf What are the usee of nitre ! T2S. 
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passing chlorine gas through a solution of carbonate of potash. 
Chlorate of potash ia soluble iu water, lias a taste resombling that 
of nitre, melts at about 700°, and, if beated above that tempera- 
ture, parts with ita oxygen. It is used in the manufacture of 
Inoifer matches, in certain operations of calico printing, and as a 
source of oiygen. 

2. SODIUM AND ITS COMPOtTNDa. 

Sodium, Sym. Ifa. (Ifairitim). Equio. 33. Sp. Gr. S73. 

728. Sodium closely resembles potassium in both appearance 
and properties. It is prepared in the same manner from its car- 
bonate, and like potassium, must be kept in naphtha to prevent its 
osidation. When freshly cut it presents a silvery appearance, and 
if cast upon hot water bursts into a beautiful yellow flame, and ia 
oonyerted into oxide of sodium, or soda ; the same reaction taking 
place as in the case of potassium. Sodium is a very abundant 
metal, constituting more than two fifths of common salt, and exist- 
ing as a large ingredient of rocks and soils. 

529, Oxide of Sodium, WaO {Soda).— This compound of so- 
dium strongly resembles the corresponding one of potassium, 
though its properties are somewhat less marked. For commercial 
purposes it is chiefly obtained from common salt. Soda, like pot- 
ash, attracts moisture from the air, forming a hydrate. It resulta 
from recent discoveries in spectrum analysis (348), that com- 
pounds of sodium are almost everywhere diffused. They ore 
found in the atmosphere, and in particles of dust ; indeed it aeema 
that we can hardly touch any substance without imparting to it 
a little soda salt from our hands. 

730. Chloride of Sodium, WaOl (C'tmmon Salt).— This well 
known substance needs little description. It exists in great 
abundance both in solution and as a solid. Sea water contains in 
every gallon about 4 ounces of salt. Estimating the ocean at an 
average depth of two miles (Ltbi.l), the salt it holds in solntion 
would, if separated, form a solid stratum 140 feet thick. Saline 
springs in various localities in this country yield enormous quan- 
tities of salt by the process of evaporation. The springs in the State 

powerdue! What is tho composition of flrewovka I KT. Give the compoattloo 
aiiapropBrMeaofoIilorateofpotMh. For what le tt used f TaS. Wliot ia Bodlutnl 
State Ite properties. 1W. What l9 the composition of eoda) Ita souraesC 730. 
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of Wew York alone furnisli an annual sapply of abont 6,000,000 
bnshels. As a solid it oeeurs ia extensive beds in various local- 
ities in Europe. The celebrated bed at Wielitzka, Poland, is said 
to be 500 miles long, 20 miles broad, and 1,300 feet tbiok, con- 
taining salt enough to supply the entire world for thousands 
of years, 

731. Salt exists ia small quantities in plants, and sometimes 
promotes their growth by being applied to the soa. It is alao an 
ingredient of aairaa! bodies, being contained in the blood. It forms 
an important constituent of the food of botli man and beast, an 
adult consuming (as estimated by Pbebiba) about five ounces per 
week. 

732. Common salt ia readily sol- 
uble alike ia Lot or cold water, and 
usually crystallizes ia cubes. A pa- 
culiai'-shaped crystal, o gr gat n 
of crystals, is often form d wh tl 
salt ia allowed to cry talliz f m 
concentrated solntioa A II 

cube is first formed wh h nk 
as to bring its upper f n a 
level, or a little below th rf 
of the water, Fig. 348 0th b 
form on this, and as th m ml 
still others are deposit d, h 1 y 
^ being attached to the upper and 
; outer edge of the layer next below, 
until a form like that seen in Fig, 
253 is obtained. 

■733. Salt iansed for packing and 
preserving meat, as it prevents pu- 
trefaction, by absorbing water from 
the flesh (1137). It is also used as a 
source of sodium ia. the manufacture 
of caustic soda, and as a source of 
n the production of chlorohydric acid. It fuses at a red 








)n of Colnnii 



chlorine ii 

heat, and is hence used for glazing stoneware, t 
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734. Iodide and Bromide of Sodium, Wal, ITaBr,— These com- 
poundB are formed in sea water, and are intereating only qb being 
the commercial sources of iodine and bromine. 

735. Carbonate of Soda, SaO, OOa + lOHO.— Soda is supposed 
to flU the place ia marine plants that potash does in land plants, 
and its carbonate was formerly obtained by leaching their ashes. 
It ia now manufaotm'od almost entirely from common salt by Lb- 
BLiBO's procesa. This oonaists first ia treating chloride of sodium 
■with ulphuri ac'd, f rm" Ipb t f da, or salt cake, and 

h h dn d Th t t p th p ess is the Bubstitu- 

arb d f th Iph d combination with 

th Thi3 ff t d by h ti th It cake with finely 

gr d al and 1 IL b t y t ace constructed for 

h p a Aft th m th ghly f ed, it ia raked ont 

w et gh dllwdt If ming TxM soda, or 
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the result. In syin- 



NaO, 8O3 + OaO, OO3 + 40 = NaO, 00^ + OaS + 400. 
The carbonate of soda, being the only constituent of the black ash 
that is readily soluble, is separated by leaching with warm water; 
aud lastly, the solution is evaporated to dryness, yielding the soda 
ash, or crude carbonate of oommeroe. Carbonate of soda is ex- 
tensively used in tlie manufacture of soap and glass, being both 
cheaper and purer than the ordinary potash. It is also used as a 
detergent, both in calico printing and in the laundry. 

737. BtcarbonatsofSoda,H"aO,20O3,H0.— This ia produced 
by passing carbonic acid through a solution of the carbonate. It 
forms the effervescing soda powders, and is used in bread making. 

738. Sulphate of Soda,H:aO,SO3 + 10nO (Glatiier's salt,).— 
This well-known salt may be formed by adding snlphnrio add to 
soda, and is chiefly procured in the manufacture of cblorobydrio 

lization. TO3, Wiat are 1*8 uaeB) T31. Wliat loeaia of iodide nnd bromide of 
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ftcid. It has a bitter saliuo taste, ani loses ita -water of cryatalliza- 
tion oa espoaure to the air. 

739. Nitrate of Soda, iraO,N'05 {Soda-Saltpeh-e, Cubits Mtre). 
— Procured native from pai'ta of Brazil and Ohlll. Attempts taye 
beoa made to aubstitute this salt for nitrate of potash in the man- 
nfflctiire of gunpowder, hut its tendency to attract moiatnre from 
the air haa rendered it impracticable. Nitric acid is obtained from 
it, and it haa been somewhat used aa a fertilizer. 

740. Biboiate of Soda, SaO.aBOa+lOHO {BorM^—TMs is 
obtained from the evaporatioa of the waters of several lakes in 
Thibet. It is procured artificially by heating boi-acic acid witt car- 
bonate of soda, the carbonic a«d being expelled, and the boracio 
acid tailing ita place. This aalt'haa an alkaline taste and reaction, 
and posseases the property of diasolviEg many metallic oxides; 
hence, its use as a flux in the welding of metals. It dissolves off 
the coating of oside formed when they are heated, thua presenting 
a cleau aurfaoe. 

3. MANUFACTUKE OP GLASa. 

741. "When pure sand is heated with potash or soda, they 
fuse into a viscous, transparent masa before passing into the foiia 
of a liquid. "While in thia atate they may be moulded into any 
desired ahape, retaining their form and tranaparency when cold. 
"When the alkaline earths are heated with them, they are brought 
into the same condition. Thus we have a compound easily 
moulded at a certdn stage of fusion, tmcrystalline when cold, 
but transparent, hard, strong, insoluble and durable — that is, com- 

742. Materials of tbe Manufecturei. — These aro, first, silictL, in 
the shape of pulverized quartz or sand. For the manufacture of 
the finest varieties of glass a pure white sand free from oxide of 
iron is employed. Second, there are the basic constituenta of 
potash, soda, lime, magneaia, and oxide of lead, more or lesa pure, 
according to the quality of the glass required. Metallic oxides 
are employed as coloring agents. 

res. Wtintiflsulphaleof soda! J39. Nitrate of soda t 7*0. (Jite the cotnpOHtMon 
of biborate of soda. Ila uses. 74J. Whon Bilioa is lieatcd withBOtaah or Boda, 
what rceultef Wlen with Blknline earllis? What are the proportlcB of Iho onm- 
ponnd! 742. WhatiBthBooinpoBitJunofglaas! 7t3. DesorlbBtieprooeaB. How 
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743. Proce^.— These materials are placed in pota or crucibles 
of refractory fire-clay, aad seperal of them set in a large conical 
fiirnace. The fire is kept up day and 

nigh.t for months, the materials heing 

added and withdrawn at pleasure. 

The plastic nature of the half-fused 

product adapts it for being easily 

worked into all desirable forms. The 

TTorkman dips an iron tuba fou 

five feet in length into the wasy material, ( 

herea to it. To give it regnlar shape, he rolls it upon a 

even surfioe, Pig. 363 ; and to make it hollow, he blows j. 

through the tube. The glass may be pressed into various | 

shapes between two moulds, one of which shuts mto the jl 

other. Or it may be worked into glohes and c\lmdeis ||1 

If common window glass is to be made, the rounded nTiia fflft. 

upon the tube is blown into a pear shape, Tig. 254, whiL.h [T M 

becomes elongated by swinging backward and forwaid, lyP 

like a penduluiu. By reheating, blowing and rolling, it is Bioning 

worked into the foi-m of a cylinder, Fig. 25S, which is out ""^^ 

off at a and 6, and split along the line e. After again softenii^ 

in the furnace, the cylinder is opened and spread out r,Q ^ss. 

into a flat plate, aa shown in Tig. 255. 

744. Colored Olass.— The coloring of glass is effect 
ed by fusing into the materials a email quantity of me 
tallio oside. Oxide of copper ^ves a green tmge, 
oxide of gold a mby color ; oxide of uranium a yel- 
low i oxide of cobalt a deep blue ; oxide of manganese 
a purple ; while a mixture of the oxides of cohalt and 
manganese produces a black glass. Enamel watch 
dials and semi-opaque transparencies are glass rendered 
milk white by oside of tin, or bone earth. yi^g, pjjin 

745. Varieties of Glass.— The silicates of linii,, ^^^ 
magnesia, iron, soda, and potash, in their impure form, produce the 
coarser kinds of glass of which green bottles are made. The sili- 
cates of soda and lime give the common window glass and IVeneh 
plate. Lime hardens glass, and adds to its lusti-e ; soda tends to 
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286 INOBGAiaG CHEMIBTEY. 

give it a greeDisli tinge, Bohemian glass, the most boauiyifnl va- 
riety 1 id an I liighly mfuaible is a silicate ot jotaah and lime 

746 Imitation of Precious Gems — Cri/ tal <jl iss oi Jitnt 
glats so <.alled because pilve zed flnt were lormerlj iiael in 
-P , ,. making it la a 

compcnndoftlie 
silicate of jot 
ask and lead 
The oxide of 
lead rendeis it 

to be eas ly 
scratcliod but 

PorningaFatSheetorWndowQlBBB greatly reduces 

its fransparencj brdlianev and lefractivs j 

the proportion of oxide of load nsos as lii{ 

&Jab'' of this composition foims what is called jaitf and, when 

suitably cat ii uf^ed to imitate the diamond By the addition 

of a trace of oxido of iron the yellow cf the topaz is mutated 

and by ox do of cobalt the brilliant blue of the Bipjhire is pro 

duoed. 

147. AnneaUng Glass. — If glass is suddenly cooled after fusion, 

there seems an unequal strain upon its particles, and it is brittle 

and liable to crack on the slightest scratch or jar. This is shown 

by ' Prince Rupert's drops,' little pear-shaped bodies, Tig. 257, made 

by dropping globules of melted glass into water. The 

■ cooling of the outer particles while the inner ones are 

^^ etill fluid, prevents the latter from expanding as they 

/y cool, thus causing such ao enormous strain upon the 

jil surface, that if the small end be nipped off, the whole 

'W mass flies to pieces with an explosion. To obviate this 

^'rop*' difficulty, glass, after having received the desired 

form, is placed in large furnaces, which are maintained 

at a gi'adually decreasing heat for several days, until quite cool. 

This process is called annealing. Glass is cat by the diamond, and 

holes may be bored through it with the end of a three-cornered 

file, if the point of friction be kept wet with spiritfl of turpentine. 
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i. CESIUM, BUBIDITHI, LITHHiM, AMMONIUJt 

,%m. Ge. Equiv. 123.4. 

748. The estraordinary drcnmatarLoes undei" wliioli this inetal 
and rubidium were discovered have lieeii already stated (366). By 
evaporating a large qnantity of the water containing cfflsium, 
BuHSEN obtained a small amount of it as a chloride, and after- 
■ward as an amalgam, with mercury. Such is its affinity for 
oxygen, that even in the state of ailoy it oxidizes in the air and 
daoomposes cold water. It is the most electro-positive element 
known, surpassing potassium, which formerly ranked first in this 
respeet. It forms extremely caustic hydrates and carbonates, 
while its hiearbonata occurs ia permanent, glassy crystals. 

RtJBIDIIjM. 

8ym. S,h. JSquiv. 85.3S. 

749. This new metal has analogous properties with the pre- 
ceding. It is silver-white in color, with a crystalline structure, 
and forms compounds similar to those of CEBsium. Geandhad has 
lately detected rubidium in the ashes of beets, tobacco, tea, and 
coffee. These metals are found associated with potassinm, which 
they closely resemble, and are obtained in coasiderable quantity 
from the mineral Lepidolite. 

LITHIUM. 

Sym. L. Hquw. f. Sp. Gr. O.C93I3. 

750. This metal resembles potassium and sodium, though 
somewhat harder and considerably lighter, being the lightest 
metal known. Until recently, it was supposed to be yeiy rare, 
but the late researches of Botisen and KmoBorp show that it is 
quite abundant anil widely distributed. By the spectrnm analysis 
they have found it in sea-water, in the water of springs, in the 
ashes of plants, and in the human blood. 

■What ara tba propertieB of ciesiumt 549, What of rubfillum! Whence ia \l 
oMainedl 7M, "What are tha properties of litWum ? Ia it flljnnaintt TJSL Why 
ia amiBoiLliim beUeved lo exiat! What !b Ita theory! 753, What are the 
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AMMONIUM. 
Sym. S^K Equu. IS. 

751. This 13 believed to be a compound radicle, having the 
nature of a metal, and forming osides, salts, and even an amal- 
gam. Thns hydrated ammonia, HjlTjffO, is regarded as an oside 
of ammonium, HiliTiO. It has never been separated. But if an 
amalgam of potaseiran and mercury be placed in a solution of sal 
ammoniac (753), it swells np, assumes a pasty consistence, iut pre- 
sents its metallic lustre and the cTiaracUriif an amalgam. It Js held 
that the potassium of the first amalgato has bean replaced by am- 
monium, which has analogous, metallic properties. The new amal- 
gam rapidly decomposes into mercury, amnumid, <md hydrogen. 

752. ObloTlde of Amnioniuiii, H4H', 01 {Sal Ajnmoniac). — A 
solution of ammonia isneuti'alizedbyolilorohydrioaoid, crystals of 
chloride of ammonium being produced, which have a sharp taste, 
and dissolve in thrice their weight of cold water. Sal ammoniac 
ia chieSy obtained by neutralizing the ammoniacal liquor of the 
gaa works by chlorohydric acid. On evaporating the liquor the 
salt appears in the form of the tough, fibrous crystals of commerce. 
It is volatilized by heat. It is used in soldenng to cleanse mo- 
tallic surfaces, the chlorohydric acid dissolving the coat of oside. 
Mixed with lime, which decomposes it and expels the ammonia, it 
is used to fill smelling botfles. 

IbS. Carbonate of Oxide of Ammonium (Carhoniite of Ammo- 
nia). — There are several of these salts. Pure ammonia and car- 
bonic anhydride unite to form a neutral, anhydrous carbonate, 
HaN, OO2, pungent, volatile and very soluble in water. The com- 
mon sal volatile, or smelling salts of the shops, is a sesqviioarbonate 
3H,, NO, 300 a, 

754. Sulphate of Oxide of Ammonium, H,NO, SO3HO, is 
prepared in a large way by neutralizing tho aniraoniaoal liquor of 
the gas works with sulphuric acid. It is a valuable fertilizer. 
Nitrate of oxide of ammonium H^NO, NO j, HO, ia. a soluble salt 
used as a som'ce of nitrous oiide. There is a host of compounds 
of ammonia which are of interest only to the professed chemist. 
The ammoniacal salts are all soluble, and yield the ammonia<?al 
odor by adding caustic lime or potash, or at a high heat. 

properties of chlurlde of ammonium 1 Its uses! 153, "Whnt csrtnnates 
M'c mentioned? JM. Wliat olier aalts of ammonia! 155. What ia barlnml 
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§11. Metals of the Alkaline Earths. 

BARIUM. 

Sym. Ba. Equim. 68.6. 

755. Barinm occurs in large quantity in the mineral inown 
as heavy spar (auiphate of barytaj. It is a white, ailver-lilie 
metal, and has a strong affinity for oxygen, tarnishing on exposure 
to the air. 

756. OBide of BEtriom, BaO {Baryta), is a gray powder having 
a strong attraction for water, which it absorbs on esposuro to the 
air, forming hydrate of baryta. The hydrate haa an allialine re- 
action, and unites with acids to form salts. 

757. Chloride of Barium, Ba01+2HO.— This salt is readily 
soluble in water. It is interesting o~fily as being tie nsnal teat for 
sulphuric acid, with which it gives a dense wMt«, insoluble precipi- 
tate of sulphate of baryta. 

758. Sulphate of Baryta, BaO, 8O3 (Reavy Spar).— This min- 
eral occurs in large quantities, and when ground is estensively 
consumed under tbs name of barytes ia the adulteration, of paints. 
Carbonate of baryta, BaO, 00^, is always formed when caustic 
baryta is expos^ '" ^^^ ^- I* occurs native in abundance, and is 
tlie chief source of the compounds of baryta. All the soluble salts 
of baryta act as powerful poisons when taken into the system. 

STRONTIUM, 

Sym. 8r. Eqim, 43.8. 

759. This metal resembles barium, in both appearance and 
properties. The nitrate of strontia is used considerably in the 
preparation of Are works, to the flames of whioh it imparts a 
beauUful crimson, color. 

CALCIUM. 

Sym. Ca. Equix:. 20. 8p. Or. 1.57. 

760. Calcium is a light yellow metal, somewhat harder than 
lead, very malleable, melts at a red heat, and oxidizes in the air. 
It exists in abundance in limestone, fluor spar, and gypsum. 

768. Oiitle of barium 1 TST. Stale thepropetllesol ehlotiilB ot bariumi ItBuse? 
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761. Oxide of Calcium, CaO (Lime). — Oalcium forms tut one 
oxide, the well-known subatanco lime, wliicli exiata in sucli vast 
quantities in combination with carbonic acid as limestone, and 
with sulphuric acid as gypsum. Lime is prepared by burning lime- 
stone in large masses in kilns. The carbonic acid is driven off into 
the air by the heat, and a white, stony substance remains, called 
quick lime, or eaustic lime. One ton of good limestone yields 
11 cwt, of lime. "When this is exposed to the air it first rapidly 
imbibes moisture and crumbles to powder. This gradnally absorbs 
carbonic acid, and becoming less and less canstie, regains the neu- 
tral condition of the carbonate. 

762. Propertlaa.— Lime esbibits the properties of a strong 
alkali, decomposing organic tissues and saturating tlie strongest 
adds. It is more soluble in cold than in hot water. Hence, when 
a cold saturated solution of limo-wator is boiled, a portion of the 
lime is deposited, which accounts for the crust or fur which lines 
the interior of tea-kettlea in localities where the water is impreg- 
nated with lime. 

763. Lime exists estensively in organized structures. The 
mineral portion of the skeleton of the higher animals consists of 
iimo combined with phosphoiio acid, and it is contained in the 
shells of the lower animals, chiefly united with carbonic acid. It 
also forms a lai-ge ingredient of plants. Lime is to be found in 
most ferljla soils, and is mnoh used in agriculture, as it promotes 
the decomposition of organic and inorganic matter, thus fitting it 
for assimilation by plants. 

764- Hydrate of Lime— When water is poured upon quick- 
lime it absorbs it (every 28 lbs. of lime taking nine pounds of 
water), swells to thrice its original bulk, crumbles to a fine whito 
powder, and is converted into a hydrate of lime, CaO; HO. This 
process is called iiaiking, and snilicient heat is often produced by 
the chemical action to ignite wood. Lime mater is a saturated, 
transparent solution of lime in water, Cree.m or mili of lime is a 
thick mixture of the hydrate with water, such as is used in white- 
washing. In tanneries the hides are immersed in milk of lime, 

ocd 1 What iB the effect of eipoaure lo the 
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whict partially decomposes them, so that the hair may be easily 
removed. 

765. Mortar and Cement. — Linio, mixed with saad, forms the 
mortar employed by builders to cement stones aad brieks. To 
make the best mortar, the lime ehould be perfectly canatio and 
file sand ahaj-p and ooarBe-grainod. The nature of the changes by 
which the mortai' beeomoa hardened ia not satisfactorily esplained. 
It is supposed to be owing in part to the lime absorbing carhonic 
acid from the air, and hardening into a carbonate of lime. In 
time the lime also partially combines with the silica of the sandi 
forming an exceedingly hard silioate of lime. Common mortar, 
■when laid in water, not only refuses to harden, but ite lime grad- 
nally becomes dissolved out and washed away. HydraiiUc cement 
possesses the property of solidifying under water. This quality ia 
owing to the presence of clay (sUicate of alumina) in tho 3ime of 
which it ia composed. 

766. Oarboimte of Iilme, OaO, COa.— Vast deposits of this 
salt arc distributed all over tho globe in the form of limestones, 
mai'hles, chalks, marls, coraJ-reefe, ahella, &c. Numerous and ex- 
tenaive as are these deposits, it is conjectured that they are all 
of animal origin. The densest limestone and tho softest chalk are 
found to consist of the aggregated skeletons, or shells of myriads 
of tribes of the lower aaimals, which have existed in aome former 
period of the world's history. The formation of coral reefs, which 
are sea-islands of carbonate of lime built np from the depths of the 
ocean by minute aquatic animals, is an example of similar deposits 
now in process of formation. 

767. Carbonate of lime is decomposed by heat into carbonic 
acid and lime. It is soluble in water containing free carbonic 
acid ; hence the well and spring water of lime distvicts becomes 
impregnated with it, hard water being the result. When tho 
hardness of water ia due to this cause, it may be softened by the 
addition of lime water, which nontralizea the excess of carbonic 
acid, the carbonate being precipitated, "Water containing car- 
bonate of lime in solution deports a portion of it on free expo- 
sure to the air. Examples of this are often seen in caves. The 
water, m it tricklea from fissures in the roof, depoaita its carbonate 

timeuponit? What ishyaraMlic oemeiiH 768. What fonnaofcarlwDateofliinE 
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until pendent masses like those 
represented in Fig. 258 are 
formed. These are called sta- 
lactites, and where the water 
I strikes on falling, other forme 
I similar to those aboi'e grad- 
* uallj grow lip from the floor, 
and are known as stalagmites. 
Ihese often unite, thus form- 
Lng a column, 

768. Sulphate of Lime, CaO, 
SOa + aSO {Gypsum, Planter, 
Alaliaster). — This salt occurs 
L many parts of the world, 
forming extensive rooky heds. 
In its pure, transparent form, 
;s compact and earthy varieties 



gypsum, plaster of Paris, and alabaster. When powdered gypamn 
is heated to nearly 300", it parts with its water of crystallization. 
If now it is made into a liquid paste with water, it again combines 
with it, and speedily hardens or sets, resuming its stony aspect. 
Owing to this property, it is used to talse impressions of objects 
and make casts, by being run into hollow moulds. Colored and 
mixed with glue, it is used for the ornamental designs in architec- 
tnre called stucco-work. Gypsum is used extensively as a fertilizer. 

MAGNESIUM. 

Sym. Mg. Equw. 12. ^. Gr. 1.7. 

769. This is a white, brilliant, malleable metal, fouml abun- 
dantly in combination in many rocks and minerals, and occurs 
dao in sea- water as a chloride. 

770. Oxide of Magnesium, ITgO (Magnesia). — Only one 
oside of magnesium is known, and this is found by igniting the 
carbonate. It is a white, light powder, with feeble alkaline prop- 
erties, very sparingly soluble in water, but dissolving readily in 
acids. It is found in some minerals, in mineral waters, and in the 
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mIj. of nearly all plants. In medicine it is used as a mild aperieat 
and antacid. 

•111. Salphate of ■Kagnmd^'iS.-gO,S03^mo (Epsm SaltB).— 
Tbis 13 a commoa ingredient of mineral waters, and tafees its name 
from the circumstance of its being contaiaed in great quantities 
in tie spritiga near Epsom, in England. The commercial supply 
ia chiefly derived from sea-water, by precipitating the magnesia 
■with lime, and then adding sulphuric acid. It may also be ob- 
tained from magnesian limestone. It is soluble in water, has a 
bitter, saline taste, and ia used in medicine as a cathartic and an 
antidote to Tarioua poisons. It has also been used as a fertilizer. 
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§ 1. Aluminum and its Compounds. 

ALUMINUM. 

Si/m A! Equiv 13 7 &f Gr 2 5 

772. This unportant metal was discovered by the Girman 
chemist, "WuniKii, in 1827 It is found in nature in immense 
quantities, being the metallic base of alumina which foims the 
argiHiceoua rocks, beds of elav, and a large pioportioii of granite 
It la a shming, white metal, ot a "^hade between silver and pla 
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tinum, harder than zinc, lightei tLan gli''?, and of remarkable 
strength and stiffaeas. It resists the oxidizing influence of miiat 
air like silver, melts at a Still lower temperature than that metal, 
anil, pound for ponnd, occupies four times its space It is more 
sonorous than any other metal, giYiag toitli a clear masjcal sound 
when struck. It is malleable and ductile hke iron esceeds it m 
tenacity, and combines with carbon, foimmg a oast mi,tal wMch 
is not malleable. It resists the action of cold nitno and ^ulpliurn, 
acids, and, uuliie silver, is not tarnished by sulphuretted hydrogen 
It dissolyea chlorohjdrio acid, forming a chloride, and condiots 
electricity nearly as well as silver Alum nam 13 obtained by de 
composing chloride of aluminum by means ot sodiurn, and as sodium 
is at present expoasiTO, the manufacture of aluminum renders it 
a costly metal ($4 per lb.)- It will undoubtedly be greatly cheap- 
ened, when it will become of invaluable serTice in the arts. Its 
alloys will be noticed in Chap. XVII. 

773. Sesquioxide of Almnlnimi, Al^Oa, (Alumina). — This, 
which is the only oside of alumina, is an abundant natural product, 
being found in oil soils and rocks. Crystallized and colored by 
oside of chromium, it forma the ruby and sapphire, which rank 
next to the diamond in hardness and value. In a more massive 
form it is known as corundum or emery. Alumina seems to possess 
the properties of both an acid and a base, uniting with either to 
form definite salts. It has a powerful attraction both for vegetable 
coloring matter and for the fibre of cloth ; hence, it is used by dyers 
to fix the colors upon their fabrics. It is then aiid to act aa a 
mordant. Alumina is precipitated from organic 'Jtlntion by an 
alkali, and, if there is any vegetable or animil culonng matter 
present, this is also carried down with the alumina formmg what 
is termed a lake. Carmine is a lake of ooch neal Alumma also 
absorbs and combines with oily matters ; hence a certain kmd of 
clay, called /uUers' earth, is used to extract grease from wood, 
paper, &o. 

774. Sidphate of Alumina andPotash,E0,S08 +Alj03,3SO:, 
+ 34H0 {Alum). — Small quantities of this important salt are found 
native, but for commercial purposes it is prepared artificially by 

Wiere doeajl ncour? What are itaptoperlles? How la It olilalnefl ) Ita prioef 
TO. 'WTiiUlBaluraliis; Mention Bomo of its Tarletiea. Ita properticfl. How la 
ituaedbydjere! How Is carmine fornieat Whflt is fullers' earth? 574. Givo 
UiBcompositionofalTim, How ia it formed ? 175. Itsproperties? Whatlaliurnt 
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soYeral different metliods. In this coantry it is formed by treat- 
ing aiumiiia or olay with sulphurio acid, and, after tiie lapse of a 
few months, adding potash, either in the form of sulphate or car- 
bonate. The whole is then leaohed, and the alum separated from 
the solution bj crystallization. 

775. Alum has a sweetish, styptic taste, and is soluble in 18 
parts of cold water, or in its own weight of boiling water, the solu- 
tion haidng an acid reaction. When heated, alum swells up into 
a light, puffy condition, at the same time giving off its water of 
crystallization, and leaTing a white, anhydrous, infnsiblo mass 
known as iiurnt alum. 

776. Alam is used largely for pnrifying and preserring skins, 
for mordants ia dyeing and calico printing, for glazing paper, for 
hardening and whitening tallow, clarifying liquors, and in medi- 
cine as an astringent and caustic. "Wood impregnated with it is 
almost incombustible. 

777. Sulphate of soda or ammonia may replace the sulphate of 
potash in combination with the alumina, thus gi-ving a soda or am- 
monia alnm. In like manner the sesquiosides of iron, manganese, 
chromium, &c., being isomorphous with alumina, may replace it, 
forming an iron, manganese or chrome alum, all of which have the 
same crystalline form. 

778. Silicate of Alumina, or Clay, is the result of the decom- 
position of feldspathio and silicious rocks, and is the basis of all 
kinds of pottery. Its adaptation for this purpose depends upon ila 
plasticity when mixed with water, the readiness with which it 
maybe moulded, and also upon its capability of solidifying when 
exposed to a high heat. Afier burning, the ware, though hard, is 
porons, and absorbs water with avidity, even allowing it to filter 
through. To prevent this, the ware is covered witi a glassy coat- 
ing, or giaaod. 

779. Porcelain consists of a mixture of decomposed feldspar 
(called taoUn), silica, and a small proportion of lime, the ingre- 
dients being carefully selected, and tlioroughly ground and incor- 
porated. "When moulded into the proper form, the articles are 
dried and subjected to a high heat in a furnace, in which state the 
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ware is called Swciiif, They ars then, glared by dipping them into s 
solution of powdered quartaaiidfeHapar, which, when heatad, fuses 
into the ware, giving it a vitreous coating which adds to iis com- 
pactness and strength. The partial ftision of the materials giyea 
porcelain the beautiful semi-transparency which dislJngaislies it 
from earthen ware. In coloring porcelain, the patterns are print- 
ed on paper which is applied to the biacnit while the color is stiU 
moist. Wiea the color ia absorbed, the porcelain ia subjected to 
another baking, which fixes the tint. In the finer kinds of porce- 
lain the colors are misod with a fusible glaae, and applied with a 
hair pencil. 

780. Oommon Eed Pottery Ware owes its color to oside of 
iron, and is glazed with a preparation of day and oside of lead. 
Vessels thus coated are objectionable for domestic use, as the lead 
gJaze is sometimes disisolved by acids, producing poisonous effects. 
Bricks are unglazed. Stone wa/re is a coarse kind of porcelain 
glazed with salt. Fire bricks, mnffles, and Hessian crucibles are 
made of a pure, infusible clay, containing a large amonnt of silica. 
The beautiful blue pigment ultramarine is a silicate of alumina, 
supposed to be colored with hyposulphite of soda and sulphide of 
sodium. 

§ II. Iron and its Coijvpo'mids. 



Sym. Fe. (FerTum.) Fquiv. 38. Sp. Gr. 7.8. 

781. Verewe to seek for that circumstance which might best 
illustrate the peculiarities of ancient and modern civilization, we 
should perhaps find it in the history of this metal. The ancients, 
imbued with a martial spirit and passion for conquest, made iron 
the symbol of war, and gave it the emblem of Mars. And if it 
■were required also to symbolize the paoifio tendencies of modem 
society, its triumphs of industry and victories of mind over matter, 
its ariistio achievements and scientific discoveries, we should nat- 
urally employ the same metal iron. As gold and jewels have long 
been the type of barbaric and empty pomp, so iron may now be 
well regarded as the emblem of beneficent and intelligent industry. 

JBCtlonable fat aomestle purposes! What Is etonowate? Flrebrtot! Wliot 
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782. Uses of Iron.— Iron in some of its mnumerable forma 
ministera to the beaeflt of all. The implementa of the miner, the 
farmer, the carpenter, the mason, the smith, the shipwright, are 
madeo/iron and MtiS iron. Eoads of u'on, travelled hj iron steeds, 
which drag whole townships after them and outstrip the birds, 
have become our commonest highways. Ponderous iron ships are 
afloat upott the ocean, with massive iron on^nes to propel them ; 
iroo anchors to stay them ia storms ; iron needles to guide them, 
and springs of iron in chronometers bj which they measure the 
time, Int, pens, and printing presses by which knowledge Is 
ecattered over the world, are nlilte made of iron. It warms ua ia 
our apartments; relieves our jolts in the carriage; ministers to our 
ailments in the chalybeate waters or the medicinal dose ; it gives 
variety of color to rocis and soils of the earth, nonrishmont to 
vegetation, and vigor to the blood of man. Such are the powers 
of a substance which chemists extract from an otherwi.ie werth- 
less stone, 

783. Iron occurs in nature almost universally in a state of 
combination. The mineral masses which it forms with osygeu, 
carbon, sulphur, and the metals, and from which it ia extracted, 
are called its om. Of these tliere are no lesi than 19 varieties, 
8 or 9 of which are worked for their iron alone, while several of 
the others yield substances of great value in the arts, such as sul- 
phur, arsenic, chronium, &o. 

734. Ores of Iron. Magnetic iron ore, FeO, Fe^Oj {Loadstojie). 
— This is a combination of the protoxide and sesquioside, and is one 
of the richest ores of iron, containing 72 per cent, of the metal 
and 28 of oxygen. It is sfrongly magnetic, of a grayish color, and 
when rubbed gives a black powder. This ore is very widely dif- 
fused, and furnishes iron of the best quality. It affords the supe- 
rior iron obtained from Eussia, GTermany, and Sweden. 

785. Specular, or Hed Iron Ore is a aesquioside, Fe^Oj, very 
hard and sometimes presenting the appearance of polished steel. 
When coarse, it is of a brown color, but its powder is alwaya red, 
a quality which distinguishes it from the magnetic oside. This 
oxide contains 63 per cent, of iron to 37 of oxygen. It exists in 
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all the red clays, which, when they yield 35 per cent, of the metal, 
are termed orea. 

7B6. Red Hematite, Fe O3, is another anhydroaB sesquioside, 
found in large quaatities and considerably worked. Brown Sema- 
tite or hydrated peroxide of iron, 2Fea033HO, is very abundant 
throighjut the world and partioularlj in the United States. It 
a&oid'' a yellow powder, and is not attracted by the magnet. It 
contains about 86 per cent, of peroxide of iron to IT per cent, of 

787 Carbonate of Iroii {Spathio Iron, Steel Oi^).^Thig con- 
tims 68 I er cent, of oaide of iron, 34 per cent, of carbonic acid, and 
a email quantity of lime, magnesia, and manganese. A Tarietj of 
steel is made directly from this ore. It ia the source of the cheap 
Gennan. steei. 

788. Olay Ironstone is another carbonate of iron, having a 
yellowish-brown color, and is one of the chief sonroes of the iron 
of commerce. It occurs among tho coal measm'es mised with 
clay, and contains about 37 per cent, of iron. There are several 
other ores worked for their iron to some extent, bat those men- 
tioned are the most important. 

789. Bisulphide of Iron, FoSj, is the pyrites of mineralogists, 
BO named because it was used in. firelocks to strike fire with steel 
before the introduction of gan flints. It occurs in large quanlitiea 
and under several different forms. Yellow pyrites, when in the 
form of minute brilliant scales, is sometimes mistaken for gold 
(fooVs gol3). It is tested at once by the sulphurous odor it emits 
when heated. This variety contains 47 per cent, of iron to 63 of 
sulpIiHi-. Pyrites ia chiefly prized as a source of copperas, alum, 
Spanish brown, sulphur, and sulphuric acid. It is never worked 
for its iron. 

790. Obtaining the MelaL — The process of separating iron 
from its ores ia called reducing or rmming it, and the ores are said 
to he smelted. The operation is oondnoted in tall chimney-like 
strnctares, termed blast ftimaoes. They are constmoted of stone, 
and lined with the most refractory fire brick, having the form 
seen in Fig. 259. The top or montHi of the famace serves for 
charging it, and for tho escape of smoke ; it is both door and 
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has a granular texture, Yig. 300, and ia so brittle that it cannot be 
forged, but may be remelted and cast into monlds. It expanda 
wh n fi at poured into the mould, so as to copy it perfectly, but 
s b q ntly contracts. The expanaion ia caused by the particles 
as ming a rystailine arrangement while consolidating ; the oon- 
t a t n by thecoolingof the metallic mass when solidified. These 
p pe f brittleness and easy fusibility are due to tlie presence 

of a ci n d rable quantity of carbon and other impurities, the 

em al t which converts it into wrought iron. 

793 Physical Proparlies of Iron — Iron is of a grayish white 

I a 1 when polished has a perfect lustre. The various condi- 

t n und which it appears in. the arts are due to the presence or 

I en of ertain other substances, such as carbon, silicon, sul- 
jh ph phorus, manganese, and arsenic. In the absence of 
th b tances, iron is so malleable that books have been made 

of it with leaves as thin as paper, and so ductile that it may be 
drawn out into wires as thin aa a hair. Its most useful quality, 
however, ia its superior tenacity, or power of resisting strain ; no 
other metal being equal to it in tliis respect. Hence the value of 
iron in the manufacture of cannons and mortars, where the im- 
mense expansive force of gunpowder ia to be resisted, and in the 
mailing of wire cables for suspension bridges. So great is its te- 
nacity that an iron wire 0.076 of an inch in diameter is capable of 
supporting a weight of 449 pounds. 

794. Passive Dron. — In its ordinary condition iron oxidizes 
rapidly in the air, and dissolves in nitric acid. But under several 
circumstances it assumes different and peculiar chemical relations. 
If momentarily immersed in a strong mixture of nitric and sul- 
phuric acids it retains its metallic lustre, but has lost the power 
of either being oxidized in the air or of dissolving in nitric acid ; 
it has become passiite, or assumed an allotropic form. 

795. Wroi^ht Iron^-The operation of separating carbon and 
other foreign substances fi-om cast iron is usually conducted 
ia reverberatory furnaces. In this process the fire is not 
mingled with the metal, as in the case of smelting, but the 
material is melted by causing the flame to impinge npon it 
on its way through the furnace, as shown in Fig. 2Q1. A work- 



d^vGoogle 



r AND I 



30X 




man, with a long, oar-shaped implement of iron, etira (puddles) 

tLe melted mass until tiie carbon and other impurities of a liio 

nature are burned away, and the 

metal becomes thick and pasty. 

This is called puddling. The pud- 

dler then rolls up from the mai 

ball of about V6 lbs. weight, which 

he trausfers to the tilting or trip 

hammer, where it is beaten t>j 

heavy blows into a Ciude bai-. By I 

this operation the liquid impurities, t 

consisting chiefly of silica and alu- . 

mina, are aqueezed oat, as water is 

espelledfrom a compressed sponge, jruauiiua-rniiiiLB. 

736. The metal, stiU hot, is then passed between grooved cyl- 
inders, where it is rolled out into iar iron. The quality of metal 
is greatly improved when these bars are broken up, bound together, 
reheated to the welding point, and again passed through the roll- 
ing mill. This latter operation is often repeated several times, 
and is known sspiling or fagoting. "Wronght iron may be pro- 
duced .directly from the magnetic ore. The process is oondacted 
on what is termed a Catalan forge, or Moernwry^ a structure muoh 
resembling a blacksmith's forge, on a large scale. The operation 
consists in the reduction of the oside hj means of charcoal, after 
which the iron obtained is put through the same course of ham- 
mering and rolling as if it came from the paddling furnace. 

797. Wrought iron has a fibrous tes- ^ 

ture, and rough, hackly fracture, Pig. 
It is said to lose this tough, fibrous charac- 
ter by the efiect of constant jarring, and ; 
to become oiystaliine. It nauaily contains i 
a small quantity of carbon, which hardens i 
the iron without affecting its other prop- | 
erties, but if the amount exceeds ^ pe 
cent., it renders the iron. coldsTwrt, that if 
brittle and liable to snap asunder when ,^ 

Teitoreof Wrooeht lvQi\ 

cold. The presence of sulphur, even in bo 

small a proportion as t^.c^h, unfits the iron for being worked at a 
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red heat, as it is liable to split when, hammered; it is then said to 
be hot-sliort. 

793. Welding- of Iron.^Wheii wrought iron, is heated to 
whitene^ it beoomes soft, pasty, and adhesive, and two jiiecea ia 
this condition may be incorporated, or hammered into one. This 
is called welding. Dnriug the heating a film of oxide is formed 
upon the surface of the metal, which would obstruct the ready 
cohesion of the separate masses. To prevent this, the smith 
sprinkles a little sand upon the hot iron, which combines with the 
oside, forming a fusible silicate of iron, which is easily forced out 
by pressure, leaving clean surfaces that unite without difficulty. 
This important quality is possessed only by iron, platinum, and 
sodium. All the other metala pass suddenly from the solid to the 
liquid state at their respective melting points. 

799. Steel,— This remarkable modification of iron ia a com- 
pound of the metal with ahout one and a half per cent, of carhon. 
It is made by imbedding bars of the best wi'ought iron in pow- 
dered charcoal, in boxes or sand- furnaces, which esclnde the air, 
and heating it intensely for a week or ten days. The chemical 
changes are obscure ; probably carbonic oxide penetrates the 
heated metal, is decomposed, surrenders part of its carhqn and 
escapes as carbonic acid. The steel when withdrawn has a pecu- 
liar rough, blistered appearance, and is hence known, as Mistered 
steel. This method of making steel is called the process of cemen- 
tation. 

800. In itsproperties steel combines the fusibility of cast iron 
with the maUeabiiity of bar iron. Its value for cutting instrn- 
ments, springs, &c., depends upon its quality of being tenupered,. 
When heated to redness and suddenly quenched in cold water, it 
becomes so hard as to scratch glass. If agaia heated and cooled 
slowly, it becomes as soft aa ordinary iron, and between these two 
conditions any reiiuired degree of hardness can he obtained. As 
the metal declines in temperature, the thin film of oxide upon its 
surface constantly changes its color. The workmen are guided by 
these tints. Thus a straw color indicates the degree of hardness 
for razors ; a deep blue for sword hlades, saws and watch springs. 
Steel receives a higher polish than iron and has less tendency to 

posBBBS this property I 799. What la steel I How iB it made ? What !a blistered 
atocH SCO. UpOQwliotaoeeitavaluBforculiiEglDBtniinentBdepeDd? Howlsthls 
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rust: Nitrio a«jd placed npou steel corrodes it, and leaves the car- 
bon as a dark gray stain ; hence it is oftea nsed for writing and 
oftiamental stading upon this metal. 

SOI. Oaidea of Iron, — Iron has a strong affinity for osygen, 
with whicli. it forms four well marked compoands, tiz, : the pro- 
tosidoFcO; the seaquioside or peroxide Te^Oa; the magnetic 
oxide, supposed to be a combination of the two preceding, and 
liayjng the formula FeO, Fe^Oa, or F03O4, and ferric acid FeOg. 
The first three are the most abundant, existing in stones, rooks, 
and soils, and imparting to them their red and yellow colors. 

802. The Frotoidde is not found in the separate state, as it 
rapidly absorbs oxygen, and passes into the aesquioside. It is tlie 
basis of all the green salts of iron, and in a state of combination is 
widely diffused, existing chiefly in those rocks iaving a greenish 
o da 1 tmt The ron n ch lyb ate waters usually rises to tlie 
s ia e as a p otox 1 and there abso bing oxygen from the air, 
tl e pe s de s formed and s nLs to the bottom as an insoluble, 
dlish aedunent 

803 The Anhydrous Besquioxide is Itnown in commerce 
undo the name ol ol ih o g nd is estcnsiycly employed 
m polishing glass, jewelry, i&c. It is also used aa a pigment. The 
hydrated sesquiozide, assooiated with alumina, forms the wmbffi-s 
and ochres so much used as pigments. 

804. M^netio Oxide.— The black scale, which forms on iron 
when heated, consists of magnetia oxide. This is also the result 
of the combustion of iron in oxygen gas. It is the only oxide pos- 
sessing magnetic properties. Ferric acid ia a very unstable com- 
pound, and is of little account. 

805. Protosulphate of Iron (Green Vitriol, Copperas).— This 
salt, as its name indicates, ia a compound of the protoxide of iron 
with sulphnrio acid. It is largely manufactured at Stafford, Oonn., 
from iron pyrites, which furnishes by oxidation both the acid and 
the base. It is used in dyeing, for making ink and Prussian bine, 
and in medicine." It often exists in soils to a pernicious extent, 
but is decomposed by lime ; gypsum being formed. 
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§ III. Manganese, Wiokel, Zinc, Cobalt, Cadmium, Tin. 

KANGAIfESE. 

Sym. Mn. Equiv. 27.48. Sp. Gr. 8. 

806. MauganeHe is a hard, brittle metal of a grayish -white 
color. It never occurs pure ia nature, but its ©sides are found 
combined with many ores of iron, a metal wbidi it resembles in 
many of its properties. Hangaaese is obtained by making its 
oside iato a paste with oil and lampblack, and heating it to white- 
ness in a covered crucible. It rapidly osidizes when exposed to 
the air, and is best preserved in naphtha. 

807. It foiTHS no loss than seven different oompounda with 
oxygen. Its oxides are diffused in small quantities through most 
soils, and traces of them may be detected iu the ashes of nearly 
aU plants. Protomide ef manganese is of a pale green color and is 
a powerful base, giving rise to rose-colored salts. Tiie peToxide 
or hlaek oxide, MnOg, is employed as a cheap method of procuring 
oxygen on a large scale, and for the manufacture of chloriae and 
steel. ]t is also used under the name of glasamaker's soap to de- 
stroy the green tinge given to glass by protoxide of iron and to 
oxidize Earbonaeeous impurities. If added to glass in large quan- 
tities, it gives it & purple color. 

NICKEL. 

Sym. m. Equii). 39.5. Sp. Qv. 8.8. 

808. This is a brilliant white metal, somewhat malleable and 
ductile. At ordinary temperatures it is magnetic, but if heated 
above 630° it loses this property, acquiring it again, however, on 
cooling. It is used principally in the formation of alloys. Nickel 
forms oxides, but they are of little interest. 

COBALT. 

Sym. Co. Squiv. 29.5. Sp. Gr. 8.9. 

809. Oobalt generally occurs in combination with arsenic or 
nickeJ, though it is sometimes found native in meteoric masses. 

the protosulphate ? 
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"Wlien obtained pnre it is a reddish- white, hard, brittle, sfrongly 
magnetic metal. It forms two oxides ; the protoxide, CoO, and 
the Bes^uioxide, CoaOj. The protoxide is a gi-ajish powder, 
which, when fused with glass, imparts to it a heaatiful blue color. 
Smalt is a glass, colored bhe by oiide of cobalt and then reduced 
to an impalpable powder. It is used for coloring on glass, paper, 
&o. Zoiffre, used to impart a blue color to ordinary earthen ware, 
is an impure oxide of cobalt. 

810. Chloride of Cobalt forms a pink solution whicli turns 
blue when dried. This solution is used as a sympathetic ink, the 
ohai-acters written with it being so pale as to be invisible tOl 
warmed, when they appeal- blue. Oa cooling they absorb moist- 
ure and again disappeai-. 

ZINC. 

Sym. Zn. Eg^uw. 33.S. Sp. Gf. 1. 

811. Zinc is a brilliant, bluish-white metal, found abundatriiy 
in nature in combination with sulphur as zmc-bleade, and with 
oxygen and carbonic acid as calamine. It also exists in great 
quantities as a red oxide in Ifew Jersey. At common tempera- 
tures it is brittle, but when heated from 213° to 800° it may be 
rolled out into thin sheets, and retains its malleability when cold. 
At 400° it again becomes quite brittle ; at 770° it melts, and when 
exposed to air takes fire, burning with a whitish-green flame and 
forming oxide of eino. Zinc soon tarnishes in a moist atmosphere, 
forming a thin film of oxide, which resists further change. This 
property renders it useful for a variety of purposes, such as for 
gas pipes, gutters, roofing, and for galvanizing iron, thus prevent- 
ing it from oxidation. It is also used in the preparation of hy- 
drogen gas. 

812. OzJde of Zino, ZnO.— This is formed when zinc is burned 
with free access of air. It is a fine, white powder, and is the only 
oxide of zinc known. It is used largely as a paint. 

813. Sulphate of Zinc, ZnO, SOj [wUte YUriol).-Th.ii may 
be prepared either by roasting the sulphide, or by the action of 
sulphuric acid on the pure metal. It strongly resembles the sul- 

cotalt) Mention its compounas. SI sto their uses. 810. "What is chlaride of 
colialt? 811. "What is sine! How does It ocour ! State Ha properUea. lis iisea. 
812. WialiBoiidc of lino) JTor wbat usedt 813. How is aulpbate of alno oli- 
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phate of magnesia, and is used in mediciae and ia ccrtaia opera- 
tions of calico printing. 

CADMIUM. 

Sym. €d. Equh. 56. Sp. Gr. 8.6. 
814. Cadmium is usually found associated witJi zinc. Tt is a 
white, volatile metal, somewhat malleable aud ductile, and so soft 
as to leave a mark when rubbed upon paper. It forms an oxide, 
OaO, which may be obtained by burning the metal in air. 

TIN. 

Syrn. Sn. (Stannum). Eq-aiv. 99. Sp. Gr. 7.8. 

315. Tin is a brilliant, silver- wbite metal which occurs most 
abundantly in CoruwaJi, England. It has b n f d n th 

trj only at Jaoison, N", H,, and in small q ant It ft 

than gold, slightly ductile and veiy mall bl mm n t n f 1 
being often not more than -^-g of an inch m th kn It m It 

at 442°. The peculiar crackling sound given by tm h n b nt 
due to a diatnrbance of its ciystalline str t Ow n t ts 

weak affinity for oxygen it tarnislies but slightly on exposure to 
tlie air or moisture, and is therefore very valuable for domestic 
utensils. This property also renders it useful for coating other 
metals to prevent them from osidizing. Sheet iron coated with 
tin, with which it forms an alloy, constitutes common tin ware. 

316. There are two well mai'ked oxides of tin; the protoxide, 
8nO, and the binoxide, SnO^. The protoxide acts as a base, biit 
the binoxide, when combined with water, has distinct acid proper- 
ties. Tin forms several very important alloys. 



OHAPTEK XVI. 

METALS WHICH DO NOT DECOMPOSE WATER. 



CUEOMIUM, 


OOLCMBIDM, 


Gold, 


AnsENio, 


Tantalum, 


Plitisum, 


AKTiMoav, 


MoLTBOEBTJlf, 


PAT.L/.D1UM, 


BieMuiH, 


TuNGSTEtr, 


EnoniUM, 


OOPPEB, 


Vakadicm, 


RuTHBNnna, 


Lead, 


UBAinOM, 


Osmium, 


Thali-ium, 


MKHouEr, 


Ieidicm, 


TiTAKIUM, 
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^ I. OhroTmum, Arsi 



Sym. Or. Equw. 26.3. Sp. Or. 6,8. 

817. Chronuumis an exceedingly hard, brittle, gray iali-Trli its 
metal, and deriTes its name {chroma, color) from the beautiful 
color of many of its compounds. It ia rarely met witli, but is 
abundant in some looaliti^. It usually oooura aa a seaquioside in 
combination with protoxide of iron, forming the mineral chrome 
iron-stone. It also occurs in union with oxygen and lead as chro- 
mate of lead. 

818. Chromium has a strong attraction for oxygen, with 
■which it forma several compounds. Among these the moat im- 
portant ia the sesq^uionide CraOj, and chromia add OrOj, both 
of which resemble the corresponding compounds of iron. The 
sesquioxide ia a feeble base, isomorpboua with the aesquioxide of 
iron and with alumina ; it may therefore replace either of theae ia 
combination. The hydrated aeaquioside is of a paJe green color, 
but by ignition loses its water, and becomes of a dark green. This 
oxide ia used in coloring glass and porcelain, and ia the coloring 
ingredient of green-stone, the emerald, &c. 

819. Chromio Acid is interesting as being one of the constitu- 
ents of ohromate of lead, the beautiful yellow pigment known as 
chrome yellow. The color of the ruby ia due to the presence of 
this acid. In union with potasJi it forms the bichromate, a salt 
considerably used in the laboratory and in dyeing, calico prints 
ing, &c. 



Sym. As. Equiv. Y5. Sp. &r. 5.8. 
820. Ai-aenic is a crystalline, brittle metal, of a steel-gi-ay 
color and bright metallic Inatre, It ia found alloyed with iron, 
nickel, cobalt, copper, tin, lead, &ic. ; hut the chief aoni-ce of the 
arsenic of the shops is mispicJcel, a double sulphide of arsenic and 
ii-on. The coarse, gray powder, sold under the name of fly poison, 

tk5? WhatiBtlmrora! Slfl. What oompounde of tin aro menlioiipd ! 817. What 
isebromiuniT Wty eoiiamadT 816. What are tho ptopertteo of ctromium flnd 
its compounds ! 819, In whatijoes thelMoreatof chromioaciaooaaiBt) 820, Slate 
the properties of areenie. What ore its aonrcoa ! What ia fly poison ! Eifiiot of 
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cobalt, &Q., consists simply of metallio arsenic, "fftea arsenic ia 
heated in a close vesael to 8G6°, it volatilizes without fusion, giv- 
ing off a dense, colorless vapor, having the peculiar odor of garlic. 
If heated in t!ie open air it takes fire, huroing with a blue flame, 
and uniting with oxygen to form arsenious acid. 

821. Awenio and Onygen.— There are hut two of these com- 
pounds r arsenious acid, AsO,, and arsenic acid, AsOj. The first 
constitutes the common white arsenic of the shops, the well-known 
raUiane. It is soluble in about ten parts of hot water, the solution 
having a slightly sweetish taste and acid reaction. It also dis- 
solves readily in hot chlorohjdric acid, and in solutions of the 
alkalies. Combined with copper, it forms the beantifnl pigment 
known as ScheeWs green, which is used estensively in coloring 
paper hangings. Owing to its remarkable antiseptic power, it ia 
used to preserve dried and stuffed specimens by colloctors of ob- 
jects of natural history. Its most effectual antidotes are the 
moist hydrated oside of iron and canstio magnesia. 

822. Araenlc Acid ia formed by oxidizing arsenious acid by 
^ means of nitric acid. It has strongly acid prop- 

erties, decomposing the carbonates with effer- 
vescence, and readily forming salts with the alka- 
lies. Sulphur forms no less than five compounds 
with arsenic, of which the most important are 
if / ^ ' i ''*''^^'' °^ ^^^ orpiment, a bisulphide, and yel- 
/ 1 # low orpiment, or hing^a yelhw, a tersulpMde. 
// %SL ^^^' -A^saninretted Hydrogen, Ha As.— This 

Jyia W^ gas may be formed by decomposing an alloy of 

arsenic and iron with dilute sulphario acid, or 
by introducing a solution of arsenic into a flask 
in which hydrogen is being evolved. It burns 
with a bluish-white flame, is highly poisonous 
and of a disgusting odor. 

824. In Marsh's test hydrogen is gener- 
ated, and if arsenic be present arseniuretted 
hydrogen is formed. Tig. 363 shows the form 
of au apparatus which answera very well for this purpose in a 
rough way. Bits of zinc and a little water are placed in the vessel, 

heat upon It? 831. "Wbot sre tho composllton and propenicsof arsenious acid! 
Wliat of 8cheale'8 greeat 822. Of atsenio acid ! Ot the compouDdagf orsenin 
»nd aulpliur t 823. What la artenlde of h jdr<^eii ! 824. Wliat Is Mareh'B teat for 
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wMot ia provided with a cork throngh wliich a tube is inserted. 
Sulphuric acid ia now poured in through the funnel tuhe, and the 
evolution of hydrogen commences. After the air has been, com- 
pletely expelled from the flask, the gas may be lighted at the Jet. 
If the solution containing arsenic he now poured in through the 
funnel tube, the color of the flame immediately changes, and a 
cold, white surface, held so as to cut the flame in half, ia stained 
with a black or brown spot by the deposition of metallic arsenic. 
Antimony produces a Biniilflr effect, but a solution of hypochlorite 
of lime or soda dissolves the arsenical stain, leaving that made by 
antimony unchanged. This is a very delicate test, but great care 
should be taken that the sulphuric acid and zinc do not contain 
any previous traces of arsenic. 

§ IL Antimony — Bhmitth — Copj>Lr — ^Zt^i?. 



%TO. 8h. (Stibium) Eqm-D 120. f'p (?) 6 7 

825. Antimony is a briUiant, brittle, hlmah white crystalline 
metal, usually found in combmation with sulphur, though it often 
occurs alloyed with other metals, and sometimes exists native. 
The principal source of the metal is the native sulphide, from 
which it is separated by heating with iron fihnga, or carbonate of 
potash. These combine with the sulphur, setting the metal free. 

826. Oxides of Antimony. — The teroxide, SbO,, is the most 
important, as it furnishes the basis of the antimonial so much used 
in medicine. Antimonic acid, SbOj, readily combines with bases 
to form saJts, and even unites with the teroside, forming antimo- 
nlate or antimony, or what is sometimes called ^itimonious add. 

Sym,. £i. Equiv. 2103. Sp. Gr. 9.8. 

827. Bismuth is a hard, brittle, reddish white metal, found 
both native and in combination. At a high temperature it is 
slightly volatile, and oxidizes rapidly. Its fusing point ia 507", but 
it forms alloys with other metals which melt below 313°. It 
forms two oombinationa withosygen; the teroside, BiO:,, and his- 
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muthic acid, BiO^. The latter is intei'esting only to the chemist; 
but the former, in combination with nitric acid and water, forma 
pea/rl povtder, the popular oi 



Sym. Cu. {Cuprum). Equiv. 81.7. S$, 6r. 8.9. 

828. This well-tnowu metal needs little description. It ig 
tough, malleable, of o red color, and often found native in masses 
of great magnitude. Its ores are numerous and wide-spread. 
Among the most common of these is the red oside of copper, CnO, 
and copper pyrites, a double sulphide of copper and iron. Copper is 
stiffened by hammering, and softened by heating and suddenly 
cooling in water ; the reverse of the effect prodnoed upon steel. In 
dry air it is hardly acted upon, but in a damp atmosphere it ac- 
quires a green crust of carbonate, familiarly known as •eerdigris. 

829. Copper is an excellent condnctor of heat and electricity, 
and is extensively used for telegraph wires. Being little affected 
by the air, it is better adapted for culinary and many other uten- 
sils than iron. Vegetable aoids, however, dissolve it in the cold 
state ; hence sauces containing vinegar, and preserved fruits or 
jellies should not be allowed to remain in copper vessels, as the 
salts produced are poisonous. 

830. Oxides of Copper. — Copper forma several oxides of which 
the protoside or black oxide, OnO, is the most important, as it 
constitutes the basis of most of the salts of copper. It is used in 
organic analysis as a sonrce of oxygen, and in the manufacture of 
glass and porcelain to impart a green color. 

831. Sulphate of Copper, OuO, SOs+BHO {Blue Vitriol).— 
This is used laj-gely in dyeing and calico printing, and as a source 
of many of the pigments containing copper. 

832. Nitrate of Copper, OuO, NOj +BHO, is formed by dis- 
solving copper in dilate nitric acid. It ia a vei^y corrosive, deli- 
queacent salt, of a deep bine color, is easily decomposed, and crystal- 
lizes in prisms. 

veraiBria! 829. Eor what ia uoppBr well adapted * What preonBtion la Ei'™' 
830, What la aald of tlie oxldoB of cmppef ? 831, Of Bulphateot copper? 832. Of 
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Sym. rb.XPlvmbum). Eqmv. lOS.S. Sp. Gr. ll.U. 
333. This Tiaeful and common metal occurs under varioua 
mineral forma, of whicli the most valuable ia galena, a sul- 
pJiide. Lead is a soft, blue metal, easily soratoliedby the nail, and 
leaving a stain when rubbed upon paper. It is highly malleable, 
but not very dnotile. In the air a film of oxide rapidly forms on 
its surface, which protects it from further corrosion. It melts at 
about 612°, and on solidifying contracts to Bach an extent as to 
render it unfit for castings. 

834, If lead ia exposed to the combined action of pure water 
and air, an oxide of lead is formed on th.e exposed surface, which is 
dissolved by the water with which it is in contact. This aolution of 
oxide of lead absorbs carbonic acid, forming a carbonate of the oxide 
of lead, an insoluble but highly poisonous compound. The presence 
of chlorides or nitrates assists this corroding action, while it is re- 
tarded by the sulphates, phosphates, or carbonates. Bicarbonate 
of lime, a salt found in many spring watei's, also prevents this cor- 
rosion by depositing a coaling on the exposed surface. In the use, 
therefore, of lead water pipes, it should be carefully ascertained 
whether the water to be conveyed contains foreign matters, which 
will prevent its action upon the metal. 

835, Oxides of Lead.— There are four oxides of lead, the most 
important of which are tiieproioxids and feroside. Thsprotox- 
ide of lead, Fb 0, forms the basis of the ordinary salts of this metal, 
and is the well-known powder called litharge. As it easily fuses, 
and readily dissolves silica, it is much used in glass-making and in 
glazing earthenware. The peroxids of lead, Pi O3, called minvwrn. 
owed ?eaiZ, is consumed largely in themanufacture of flint glass; 

836, Carbonate of Lead, PbO,0O, ( WUle ZefKf].— This salt ia 
found beautifully crystallized in nature, but it is lai-gely manufac- 
tured aa a paint. It ia produced in several ways, but the follow- 
ing, which is known aa the Dutch method, is considered the best. 
Tliin sheets of lead, rolled up into loose scrolls, are placed in 
earthen pots with weak vinegar or acetic acid. Thousands of 
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these pots, fitted witli lead covera and doselj packefl, are then 
buried ia spent tan hark. The acetic acid corrodes the metal, 
forming a superficial coating of acetate of lead. The oarhocic acid 
set fl-oe hy the decorapoaing vegetable matter, displaces the acetic 
acid, comhiaicg with the lead, and forming the cajbonate. The 
acetic acid thus releaaed, attaoks more metal, which is again oar- 
bonized, and thus, with a small charge of vinegar, the operation is 
continued a long time, and a large quantity of lead changed. 
White lead is extensively adulterated with snlpiato of baryta; it 
may be detected hy adding nitrio acid, which dissolves the lead, 
leaving the baryta as an insoluble residue. 

837. Thallinm is a metal recently discovered by means of 
speetrura analysis, and is found in pyrites and in native sulphur. It 
ia of a brilliant white, soft, malleable, baa a specific gravity of 
11.9, and resembles lead. It forms compomids with osygen, 
chlorine, iodine, bromine, sulphur, and phosphorus — its oxides 
having a decidedly alkaline reaction. 

838. Tltaniom, Columlnuni, Tantalum, Molybdenum, Tungs- 
ten, Vanadium, and Uranium, are very rare metals, and compara- 
tively unimportant. Titanium and uranium are somewhat used for 
coloring enamels and porcelain, and the salts of the latter possess 
considerable chemical interest. 

§ III. The N<M& Metals— Mercury, Siher, Gold, 
l^latinum, dto. 

MBROUKT. 

Sy7n.Eg. {SyArmgyrwm). Eguw. 100. Sp. Gr. 13.S0. 

839. Sulphide of mercury, or cinnabar, ia the priucipal source of 
this metal, though it is sometimes found native and also combined 
with '1 e It has a silver white color, a brilliant lustre, and is a 
fluid t di y t mp t It solidifies, when cooled to — 89", 
and is th ft d m II bl but if reduced to a much lower 
temp t t b m b ttle. It boils at about 663°, and 
slowly 1 td t 11 t p atures above 40°. Metalho mer- 
cury d t ly th manufacture of philosophical in- 

of Itsaetection? 837. What are the propcrtlea of thallUim? 833, Of tJtaDlum 
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strnmente, thermometera, barometers, and as an alloy witli tin for 
coating tte backs of mirrors. It is also used largely in the ex- 
ti'action of gold and silver by the process of amalgamation. 

840. O^des of Msroury. — TLere are two oxides of mercury. 
The first, tlie suboxide Hg^O, is of little importance. The pro- 
toxide, HgO, commonly known as tte red, oaMe,oi red precipitate, 
may be formed by heating metallic mercury up to 600°, with free 
access of air. A still higher heat decomposes it, liberating the 
osygen, and reducing the mercury to the metallic state. This 
oxide forma the basis of most of the salts of mercury, and fur- 
nishes a ready source of oxygen gas. It is the compound from 
which oxygeu was first obtained by Pbiestlet, and by which 
Layoisieh proved the eompcition of air. 

841. Chlorides of Merciiry,— Two fhloridea corresponding to 
the aboye-named oxides are known. The anbchloride HgjOI, 
familiarly known as eahmel, b prepared by precipitating a solu- 
tion of Bubnitrato of mercury with common salt. It is a yellow- 
ish-white, tasteless, insoluble powder, used extensively in medicine. 
The chloride HgOI, or eorrosiw aubhmate, is formed by sublimar 
tion from a mixture of sulphate of the protoxide of mercury and 
common- salt. Corroave sublimate has a disagreeable, acrid, me- 
tallic tasite, and is very poisonous. The proper antidote is white 
of egg, which forms with it an insoluble, inert compound. 

842. Sulphide of Mercury (oinnabai') occurs in large beds at 
Almaden, in Spain, and is also found in extensive deposits in 
California. It is produced in considerable quantity by artificial 
moans, and sold as a pigment under the name ot-cermilk 



Sym. Ag. {ArgmVwm). Equw. 108. Sp. Gr. 10.5, 

843. Silver is found both native and in combination. When 
native, it occurs in fibrous, or crystalline masses ; and when com- 
bined with sulphur, it is usually associated with sulphides of lead, 
antimony, and copper. The principal mines of silver are those of 
Mexico and Peru. 

844. Preparation. — Silver is obtained from the sulphuret by 

tkBf Itsnaca? MO, How many osiaes of meromy are tli5te ? WliaUs tlio efi*ot 
of heat upon tho led oilde! S41. WLat iBlha compoattion of cnlomeH Gi-veUa 
prspnj-atibn. How la corroalva auliUmflte formed? 'What la the antidote! 
Ma.What is vermmon! 813. "Wliat is the appearaDoe of uftlive sHratf WUU 
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roasting the ore witli common salt, whicli converts it into a chlo- 
ride. It is tlien, together with water, iron, scraps and meroiary, 
put into oaalts, which are revolted on their axes. The iron re- 
moves the chlorine, and the mercury amalgamatea with the silver, 
from which it is afterward freed hy distillation, 

845. Silver is separated Irom its comhination with lead by 
melting the alloy and letting it slowly cool, when the lead solidi- 
fies in crystals, leaving the silver nearly pure. It is further re- 
fined by the process of awpdlatian; a cupel being a shallow, 
porous vessel, made of bone ashes. When it is melted with 
access of air, the lead oxidizes ; the oxide, or litharge melts, and 
being absorbed by the cupel, leaves the silver pure. 

846. Properties.— Silver is the white=t ot the metals with a 
bright, metallic lustre. It is lery malleable diotile and tena- 
cious. It may bo extended into leaves not exceeding -j'j j of an 
inch in thickness, and 1 gi'ain may be diawn out into 400 feet of 
wire. Silver does not oxidize in the air at any tempeiatire, but 
absorbs oxygen when melted, holdmg it mechanicilly and giving 
it off on solidifying. It is a good conductor ot heat and elec- 
tricity, and its polished surface i^ one ff thi. best reflectors of 
light. Silver is chiefly consumed m c mage ind m the manufac- 
ture of silver plate. Being too sott toi the'ic purposes whpn pure, 
it is usually alloyed with about j-V its weight of copper, which 
gives it the requisite hardness. 

847. Oxides of Silver. — These can be formed only by indirect 
means. There are three of them, hut -tlie protoxide, AgO, is the 
only one which claims our attention. It may be made by dis- 
solving silver in nitric acid, forming nitrate of silver, and then 
precipitating it with potash. It is a darlc brown or black powder, 
which forma the basis of the most important salts of silver. It is 
decomposed below a red heat, oxygen being liberated, and the 
silver reduced to the metallic state. 

848. Nitrate of Silver, AgO, JTOj. — This, the most interesting 
salt of silver, may be obtained by dissolving metalho silver in 
nitric acid ; colorless, anhydrous crystals being formed, which are 
readily soluble in an equal n-eight of cold water. These crystals, 

what Is it associated In combination f 844. Howisit obtalnedfrom tlesulphnret) 
845. Howfromilscombinatignwithleail! S48, What arethopropertieBOEsilver! 
Itausaa! Wly laltalLoyea! S47. WhatiBBaidofthooxidasof ellver? 848. How 
is nitrate of Bilvor oMaiDoS! ForwhaluBodS How may tbe stain bo rBraovod I 
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wlien melted aivd oast into Bmall etioks, form the lunar oauatio of 
surgery. Nitrate of ailver stains oi^anic matter lilack under the 
action of light. Advantage is taken of this property in making 
indsliblo ink and hair dye. A Bolutiou of cyaaido of potassium 
removes the stain thus produced. 

849. Chlorida of Silver, AgOl, is oocasionally found native ia 
mines, aud is called homi silver^ fi-om its tough, horny testure. It 
may be prepared, artifleia^y by adding a solution of common salt 
to a solution of nitrate of silver, and appears as a white powder 
which darkens in color on exposure to the air. 



Sym. Au. {Aurum). Equw. 1BS.4. ^p G) 19 34 
860. This is one of the most widely diffused of the metals and 
generally occurs in minute grains, though e 
weighing mauy pounds. Ia 1851 a, lump weigh 
ing 106 pounds was found in Australia, imbed 
ded in a matrix of quartz. It sometimea o< 
in crystalline form, as shown in Fig. 264, 

851. Properttesr— Gold is a beautiful yellow \ 
metal, with a brilliant lustre and high specifao e 
gravity. It is the most malleable of metals i 
esoeedingly ductile, and when pure is nearly a 
soft as lead. It fuses at 2016", and does not 
oxidize in the air at any temperature. Gold ii 
dissolved by selenio acid, nascent cyanogen, and 

any solution that liberates oliloriae ; but its usual solvant is aqua 
regia. Like silver, it is too soft for the purposes of coinage imd 
jewelry when pure; the required hardness being imparted by 
alloying it with -j^ of its weight of copper. This alloy forms the 
standard gold for coin in this country. 

852. Garat is a term used to designate one of the parts or 
units of a certain number which is taken as the standard of pure 
gold. In the United States the number ia 24, therefore pure gold 
ia said to he 24 carats fine. If it contain 9 parts of alloy, it is 18 
carats fine, and so on. Assaying is the determination of the 
amount of pure motal in an alloy, or specimen of bullion. 
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863. Preparation.— Gtold ia separated from all its ores except 
silver by amalgamation with mercnry. It is obtained from ailver 
by boiling it in nitric acid whicl dissolyea out the ailver, leaving 
the gold pure. Iii thia operation, io order to prevent the silver 
from being mechanically protected from the action of the acid, it 
is necessary that there should be three times as much silver as 
gold. As the gold constitutes only one quarter of the mass, the 
process is known as quartation. 

864. Gold forms compounds with oxygen, avilphnr, chlorine, 
bromine, iodine, &c., bnt they are not of sufficient interest to re- 
quire mention. 



Sym. PI. E([m'e. 98.6. Sp. Gr. 31.B. 

SS6. Flatinvm is a rare metal, always found native, and usual- 
ly associated with palladium, rhodium, and iridium. It also occurs 
alloyed with gold, copper, iron, and lead. Its chief soaroes are 
the mines of Mexico, Brazil, and the Ural Mountains. 

856. PropertieSi.— Platinum is of a grayish-white color, and 
closely resemblea silver in appearance. When pure it scarcely 
yields in malleability to gold and silver ; is very ductile, and takes 
a good polish. But the qualities which render it so nseful, and in 
some eases indispensable to the chemist, are its extreme difficulty 
of fusion (being unaffected by any furnace heat), and the perfect 
manner with which it resists the action of almost all acids. It 
does not oxidize in the air at any temperature, and is not acted 
upon by simple acids. It is slowly dissolved by aqua regia. 

857. Wo have already alluded to the power possessed by spongy 
platinwn of condensing gases wid causing the union of oxygen and 
hydrogen. . Platinum lUeh is a preparation of the metal in a still 
more minute state of snhdivisioD, and has the property of effecting 
chemical changes more energetically than platinnm sponge. It 
may be produced by electrolyzing a dilute solution of the metal. 

858. With the exception of tlie bichloride, the compounds of 
platinum ai-o unimportant. The bichloride of platinum is useful 
to the chemist as furnishing an excellent test for potash, which it 

iaaBaajingf 868. ExpMn thepreparaHonofgoldl 854. Whtit ntHer CDrapounda 
ofgoldarementioiied? 865. How does platinQm occur? What ovo tie eMef sour- 
«ee1 856. Its properties ( Why do ihemfsts prtza Itl 857. What IH plotiaum 
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precipitates from a neutral or add eolutioa as a double ehloride of 
potaasium aad platiimin. 

859. Tlie remaining raetals of tliis gro\ip, Palladium, Ehodium, 
Entteniura, Osminm, and Iridiam are rare and generally fcrand aa- 
sooiated with platinum, which they resemble both in appearance 
and properties. 



CHAPTER XVII. 

BKQUEL TO THE MBTALilO ELEMENTS. 

§1. AUoys. 

8fi0, Compounds of the Metab witli each other.— Metals 
combine with motala to form alloye, an important elaas of bodies, 
S3 each compound thus produced may be iooked upon for mauy 
puiTOsea as a new metal. These unions Bometimea take place in 
eq^uivalent proportions, but generally this is not the case. 

861. Yet the properties of alloys cannot be anticipated. Slight 
variations in the proportions of the metals produce great changes 
in the products, Alloys ai'C always more fusible than the most 
infusible element Qf which they are composed, and often more so 
than any of the ingredients. Bismuth melts at 476°, lead at 600°, 
and tia at 443° ; but by combining them in the proportions of 6 
parts bismuth, 3 lead, and 8 tin, 8ie Isaac NEwroif prodnoed a 
fusible metal which melts below 313°. 

862. A metal of low fusibility, when melted in contact with 
one of high fusibility, causes the latter also to melt, thus acting as 
ajiux. This principle is employed in soldering, or the joining two 
metals by means of a third. Pieces of gold arc soldered together 
with an alloy of gold and alyer; articles of silver with an alloy 
of silver and copper; copper with an alloy of copper and sane 
(ha/rd wider). 

863. Brass is an alloy of copper and zinc ; 4 parts of the for- 
mer to 8 of the latter. An increased proportion of zinc gives 
piitchieci, Dutch gold. Germau silver is an alloy of copper, zinc, 

black! S53. Blollorlde of plalimim ? 859, Wiiat Iseafdof tlie remainiHg tottaU 
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and nickel. Broi^se consists of 90 parts copper to 10 of tin ; bell 
metal and gong metal of 80 parts copper to 20 of tin. 

864. Type Metal oonsista of 8 parts lead to 1 of antimony ; hrv- 
(itmniffiof 100 parts tin, 8of antimony, 3 of bismnth, and 3 of copper. 
Ibe Bpeoulnm of Lord Eossk's telescope ia composed of 12G.4 of 
copper to 58.9 of tin. Alloys which contain mercury are called aimal- 
gams. An amalgam of tin is used for silvering the backs of mirrors ; 
and an amalgam of tin and zino for exciting eJeotrical machines. 

865. AUoys of Aliunlmmi. — These promise to become very im- 
portant aa the metal grows cheaper ; 10 parte of almninum and 5 
of copper form a very hard alloy, exactly resembling gold, and al- 
most aa exempt from liability to tarnish. An alloy of 3 pai'ta iron 
to 1 of alnmiraim does not osidize in a moist atmosphere, and 1 
part alnminum to 9 parts copper, produces an alloy harder than 
bronze and whiter than copper, 

866. Alloys of Coin.— Gold and silver when pure are so soft 
that if coins were struck irora them, they would be injured by 
wear; hence they are alloyed to mate them harder. The stand- 
ard gold of the United States coinage consists of parts of pure 
gold to 1 part of alloy. As copper would'darken the color of the 
gold, the alloy consists of 9 parts of copper to 1 part of silver; 
thns 1,000 ounces of gold coin would contaiu 900 of pure gold, 90 
of copper, and 10 of silver. The English alloj of gold is ^ or 2 
carats; 24 carats being pure gold. The silver coin of the United 
States is ^ ^ver and jL copper ; and the new cents 88 parts cop- 
per to 12 parts nickel. 

§11. Chemistry of Photography. 

867. Eeference was made to the subject of Photography when 
speaking of the chemical action of light; some further explana- 
tions will be suitable in this place. 

868. History.— That the salts of silver are blackened by expo- 
sure to light was known to the alchemists. Scheele, in the last 
century, discovered that this effect takes place most energetically 
in the violet region of the spectrum, Eitteh, in 1801, discovered 
the independent nature of the chemical rays. The discovery 

oeeofaUoyBtosoMeriDB) 86S. "What is brasa ! BkU ana gong roeto! t SM. Tjpo 
mctoU Amalgaml 865, Wlmtissaidof alloyaof olamiDOmJ B6B. AlloyaofBOld 
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of photography, or light-drawing, was made by MM. Niepcb and 
Dagoerhk of France, wlio worked jointly npon it for several yeara. 
NiEPOE dying in the meantime, it was completed and annoTmoed 
by Dagdeeee in 1880, and in his honor named the Dagimtrotype, 

869. The art was, however, at first fai' from heing complete. 
The process of Da&ubekb applied only to the taking of flsed ob- 
jects, such as edifices, statues, &c. ; tho chemicals he employed 
being so slow in their operation that it required twenty or thirty 
minutes to take a picture. He endeavored to get an impression 
of the human face, but it came out a mere blur, and at that time 
it waa belieTed in Europe that the art was incapable of hemg ap- 
plied to portraiture. Dr. J. "W. Dkapee of New York, who had 
long been engaged in researches upon the chemical action of light, 
by the skilful employment of more sensitive chemicals, first suc- 
ceeded in takmg portraits of the human face, by far the most in- 
teresting and important application of the art. 

870. The Df^uerreotype process consists in preparing a highly 
polished silver surface, usually a plato of copper, aiiver-ooated, and 
exposing it to vapors of iodine in the dark, when a tkin yellow 
coating of iodide of silver is formed. The plate is-then exposed to 
light in the camera, as has been before stated, A change takes 
place in proportion to the intensity of the light. But as the effect 
is a hlachming, the lightest parts of the objects will become the 
darkest parts of the picture ,■ so that in the impressioa the lights 
and shadows of nature are exactly reversed. When the plate is 
withdrawn, the image upon it is invisible. It is then espoecd to 
vapor of mercury, which is unequally condensed upon the changed 
surface; the darkest parts receiving least mercury, the brightest 
most. The picture is now iuvisible, but if the plate were exposed 
to the light, the remainder of the plate would become blackened. 
It is, therefore, washed with a, solution of hyposulphite of soda, 
which dissolves the remaining iodide. A little solution of the 
chloride of gold is then poured on the plate, and evaporated over 
the flame of a lamp. A thin film of metallic gold is thus deposited 
upon the surface, which improves the appearance of the picture 

ortl WhataharahadDr. Dkapek tn ilfl improvomcnt) 870. What Is the flraD 
Btep of tlia dagucrraan ptooesB? How sre tba ligbta and BliaSows rcTecscidl 
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at tlie Bamo time that t a Is to protect t The first great im- 
pr vement con tod n ntroducmg more sensit ye chomicals, as 
ohl h omme aal tha cumjounds calJed aeeelerators, by 
■wl he ] rocesa w qu ckened 

871. The Talbotype—- Mr. Fos Talbot, ot England, had been 
working npoa the eame sntgect with no tnowledge of what was 
being tloue iii France. Heeniployedpoperinsteadofametallic tab- 
let ; first brushing it OTer with a soIutioQ of nitrate of silver, and then 
immersing it in a solution of iodide of potasaimn. In this way a 
surface of iodide of wlver is obtained, and paper thus prepared 
may be long preseiTed. To render it sensitive it is washed ovei" 
with a rnkture of nitrate of silver with gallic and acetic acids, and 
after exposure in the camera, the picture is brought out by re- 
washing with the same mixture. The sensitive chemicals are 
then removed by the hyposulphites, and the picture finished by 
placing it between sheete of lilotting paper, saturated with wax, 
and pressing a warm smoothing iron over the whole. 

872. Other Methods. — Mr. Aeohee, of England, employed 
glass tablets coated witii collodion (943), in which iodide of potas- 
sium had been dissolved. It is made sensitive by placing it in a 
solution of nitrate of silver, the collodion becoming quickly im- 
pregnated with iodide of silver. M. Niepoe de St. Yiotoe coatad 
the glass with iodized albumen. Ambrotypcs are taken upon 
collodion, and finished with a balsam vamiali, 

873. Pictures thus taken, where the lights and shadows of 
nature are reversed, are called negativa. But from these others 
are taken, and this revei'se renders them true to nature, lights an- 
swei-ing to lights, and shadows to shadows. These are called 
positives. Pictures are copied by placing the negative against 
a sensLtivelj prepared surface, and exposing it to light. The parts 
protected by the dark portions of the negative then become light 
in the positive, and viee versa. 

874. HeUocluomy is the term applied to the ai't of producing 
photographic impressions in natural colors, Several colors have 
been thus reproduced; yellow, which proved the moat difiioult, 
has been lately obtained. The colora are not permanent, but re- 
cent discoveries have increased their durability. 

lors 1 871 ? How did TiiBOT prepai'e ILs paper ? WMt quility has it ) How le 
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PAET III. 
ORGANIC CHEMISTRY. 

CHAPTER XYIII. 

CHEMICAL NATL'KE OF OEOANIZED B0DIE8, 

§ I. Recent Progress of the Svlijeet. 

875. Organic Ohemistry ia that division of the ficience whioli 
coTisiders the chemical composition, properties, and changes of 
organic substances — or tliose which- have originated in living 
beings— and sucli compounds as ai-e derived from them. It forms 
a highly interesting and very extensive brsnoh of the science, and 
haa heen chiefly created within the present century. Organic 
Chemistry, in its widest significance, embraces all that pertains to 
the chemistry of life, but it will be desii-able here to limit it to the 
study of organiB mibstanees, — their compositions, properties, and 
artificial changes. The chemical relations of living beings will be 
considered in Physiological Ohemistry. The present chapter will 
contain some introductory considerations on the chemical nature 
and constitution of organized bodies. 

876. Ita Claims. — So new is this department of investigation, 
that its position haa hai'dlj been settled. Some have denied its 
claim to the rank of a science, and conaider its results nncertain 
and woi-tUess, while others hold that it is the province of chem- 
istiy not only to investigate all organic changes, but believe that 
this branch of the science must go forward until it has completely 
nnraveUed the mysteries of organization, and confeiTed upon the 
chemist the marveliona power of imitating in. his laboratory the 
productions of living uatnre. Nor aa-e these sanguine especta- 
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tions without large warrant, when we consider the vast strides 
tliat organic chemistry has reoently made. It will bo well, how- 
ever, to define at the outset the present ficope and province of 
tliis hranoh of the science. 

877. Its Past Boundariaa. — Organic chemistry has hitherto 
traced the changes and investigated the products of the natural de- 
cay of living bodies. It has also destroyed organic componnds, 
varying the conditions, and thus giving rise to a host of artificial 
products. Morooever, it Tvas able to imitate many of the curious 
changes of living nature, transforming one oi-ganio compound into 
another of equal grade, as for example, starch into sugar. It has 
been generally believed that organic chemistry stops here ; a fun- 
damental distinction between the CTvo great divisions of the science 
being, that while in mineral chemistry the operator can both de- 
compose and combine, in organic chemistry he can only destroy 
but cannot buUd up. Vital power alone, it is said, can, unite the 
simpler into higher and more complex substances. This has been 
true in the past state of the science, bnt it is so no longer. 

878. Artificial Oi^nlo Bodies. — It has been for some time 
known tliat the chemist could produce a few of the lower 
organic substances. One of the earliest and most remarkable in- 
stances of organic synthesis was the artificial production of urea 
by WdnLBE; but it was sw.d of this and similar instances that 
they were not true, or complete syntheses, as cyanogen and am- 
monia, the substances nsed to start with, were organic products 
which the (.hemist could not directly foi-m, and which originate 
only in the domain of life. Bnt this objection has now lost 
its force. The ohemiit, in Ms Itihoratory, can create complex 
organic suisftmres of a high ordef, hegiiming with the ulti- 
mate elements, and in his mode of doing this he seemg to have 
surpassed nature herself Oaibomc acid water, and ammonia are 
the mateuals which she flirnishes as the starting point of organic 
eon'ft net on bit the orean z ng plant cannot begin with the 
ultimate elements carbon, osTt,en hydrogen, and nitrogen. 

879 Berthelot'a Hesearches — An unexpected and roniarkablo 
advi icement of org'jnic synthesis has recently been made by 
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BEETHBr.oT of !Fran T Ii mis ha oted himself to the 
formation of organ! b tan yn h a by combining their 
elements, through th aid f b m s only. la his late 

work be says : ' We ba k n a p m departure the aim- 
pie bodies — carbon, oiyg n hyd a d n ogen, and have oon- 
Btracted, by combination of these elements, organic compounds ; 
first, binary, then ternary, &o., the former analogous to, the latter 
identical with the prosimate principles contained in living beings 
themselves. The substances that we first prepare by methods 
purely obemical are the principal carbides of hydrogen — the fun- 
damental binary compounds of organic chemistry, 

SSO. As a means of prodnoing all the parts from the elements 
themselves, we take oxide o/carion — a substance purely mineral — 
and by the concurrent influence of time and ordinary afBnity {with 
the aid of pressure aad the presence of an alkali), we thus obtain a 
first organic compound known as formic acid. This aeid, united to 
a mineral base, produces a formate ; then, decomposing this for- 
mate by heat, we compel the carbon of the oxide of carbon and 
the hydrogen of the water to combine in the jiMcent state, and 
produce carbides of hydrogen. 

821. Artificial Production of Alcohol and Sugar. — Thus there 
is formed marah gas, OgH4.; oleflant ffos, OjH,, sad ^ropj/lene, 
OoHj. This is the first step of synthesis. The hydrocarbons thus 
prepared become the starting point for the synthesis of alcohols. 
With marsh gas and oxygen we form methylic alcohol j with ole- 
flant gas and water, ordinary aleolicl. The artificial production 
of the carbides of hydrogen and of the alcohols constitntes the 
true difficulty; but these once obtained by the ordinary chemical 
forces, other organic compounds become easy.' Beethblot, con- 
jointly with Da LnoA, has converted the hydrocarbon propylene 
into glycerin, a proximate principle of the fats ; and be baa further 
transformed glycerin into one variety of sugar. 

832. Idniit to Organic SyntheHia.— This oonstmctive chemistry 
will, of course, go on until many other compounds ai-e artifloially 
formed; butthereisaliiniti beyond whichitoannotpasB. Thereare 
two classes of bodies found in the living world which may be distin- 

ecsrchee. What wab Uieflcet step of the prooessi BSD, How did lie proauaa for- 
mioaoiat "Wlal wore tho next bodies formodt 8S1. Give tlie products of the 
flrat stops of Eynthoeja, Themast pi-oflncta, "WTiatHHs thecbief difficulty! Wliat 
other hoaios did Bekthelot and De Lhoa forml BBS. "What two tLaaaos of 
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guiahed aa organic and organized. Tha first, as acetio acid, sugar, 
and alcoliol, . resemble inorganic bodies in having a deflnito com- 
position, and many of them taie on a crystalline form. Organized 
bodiea, on the contrary, are less definite in composition, ne¥er 
crystallize, and have rounded outlines; they have an orgarmeA 
structure, as seen in the vegetable leaf and animal muscle. "We 
have no reason to suppose that thia class of bodies can ever be 
produced by methods of art.. 

§11. GonsiilMtwn of Organic Compmmds. 

883. To draw an esaot line between organic and inorganic 
chemistry is impossible ; indeed tbe latest and most purely sci- 
entific treatises, as those of Bebthblot and Oddlino, entirely 
ignore the distinction. Yet, there are certain marked peculiari- 
ties which contrast organic substances with those which we have 
been considering. In the first place, they are much less perma- 
nent, more mobile and changeable. Plants and, animals rapidly 
grow, and as rapidly decay. "While they live they are the theatres 
of incessant change, and when life ceases, the transformations go 
swiftly forward till dissolution caiTies back the materials to the 
fised, or inorganic state. This is a fundamental condition of or- 
ganization, and chemistry has thrown much light on its causes, 

834. The Organio £llemeiits,i — While inorganic chemistry is 
concerned with the entire array of elementary substances, organio 
chemistry deals with but few of them. Of the 64 elementa, only 
four, viz., carbon, osygen, hydrogen and nitrogen, compose the 
chief mass of the vegetable and animal kingdoms. Besides these 
elements, organized bodies contain also a small proportion of 
mineral matter— the ash that is left after they are burned. It 
consists of ten or twelve elements forming metallic bases, acids, 
and salts, as are shown by the Chai-t and Atlas, 

8S5. Oompleiiity of Organic Sutstanees. — The list of organio 
compounds is, almost endless, and is rapidly extending. It is an 
interesting question how, from three or four elements, such a mul- 
titude of substances, with so infinite a diversity of properties, can 

bodiea SIB fonnd In the living "world! To wLal Ib oonalructWe ohomistry Umit 
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arise Notliing like it is to be found in inorganio chemistry, 
Wl lie miner J substances consist of but few atoms, organic com- 
pounds contain a groat number. Thus an equiyalent of potash 
has 3 atoms carbonic acid 8 and ammonia 4, while sugar contains 
84 atoms itearme 336 and albumen nearly 900. We have, there- 
foie a reason fui the mstabihty of organic substances. Aa com- 
plicated machmery is alwayi most easily deranged, bo, in chemis- 
try the more comi lex a substance, the more readOy ia the balance 
of its affinities distarbed by slight causes. The large-atomed 
organic masses are thus easily decomposed into a host of sunpler 
compounds. 

886. Oontrasta of the Elements. — A further cause of insta- 
bility is seen in certain remarkable contrasts of, properties ex- 
hibited by the orgaaic elements. Thus, while carbon is the most 
invincible of solids, and cannot be liquefied by any amoimt of heat, 
the other three are equally iaTincible gases, and cannot he con- 
densed into liquids by the intensest cold, aided by many thousand 
pounds' pressure on the square inch. While carboa manifests the 
strongest atomic cohesion of all the elements, hydrogen is its ex- 
treme antithesis, eshibiting the most perfect mobiUty of atoms. 
Again, while osygen manifests the widest and intensest range of 
attractions of all the elements, nitrogen is the very type of inert- 
ness and indifference. 

887. Eaoh Element InHuenoes the Compouncl.— We trace in 
organic compounds the influence of the prevailing elements. Car- 
bon is the universal solidifying constituent. It esists ia all organic 
anbstances, so that organic chemistry was defined by Latteeist as 
'the chemistry of carbon compounds.' But if carbon imparts 
solidity, the gases with which it is associated give fluency and 
mobility. Organic compounds thus have a freedom of change 
which is variable, but intermediate between the unchangeable 
carbon and the volatile gases. Carbon imparts combustibility, as 
does also hydrogen in a still greater degree. The class of bodies 
in wtiieh these elements predominate — the hydrocarbons— arc 
the most inflammable, and a portion of the class have a dietetica! 
value baaed upon this character. 

8S8. Nitrogen imparts non-eombustibility and changeable- 

SSO. How are the orgBnio elementa eonlijated! SS7. Whiit influences organic 
EompoanaB) Eximplee. How Oid Liuhebt deiluo organic choiaistiy? What 
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ness ; — the nitrogenous group bum with liifiioultj, and are very 
prone to decomposition. The act ot forming orgamc suhstancea 
consists in liberating them from oxygen, bo that they may 5 u re 
garded aa high in the organic scale just to the degrte m whu-h 
they are freed from this clement Those haymg an exctss of 
oxygen, as the vegetable acids, are ot the lowest oiganio gr^de 
"Wo here see a cause of class-dnerBitie'* among orgonio sub 
stances, 

889. Influence of Composition.— Of coarse organic comiounds 
will vary in properties with varying com 
position. Thus, if we remove from ale Dhol 
the elements of an atom of water, it la 
d to ether ; If it lose a little hydro- 
is converted into aldehyd ; and if it 
then acqnire a little ozygen, it becomes 
' aoetio aoid — the proportions of carbon re- 
maining all the time unohanged. 

8P0. Isomeiisin and Allotropism.'— 
^ __^ _^^ Another and inexhaustible source of diver- 
sity among organic componnds is believed 
to be the grouping of their constituent atoms. Oi'ganic chemistry 
furnishes abundant and varied evidence of the operation of this 
_ prmoiple, numerous bodies being con 

vertible into each other witliont lo^ia 
r addition, by tto mere regroupmg ( 
' of their atoms. In Pig 365 the c 
I des represent atoms and thm snoc 

a may lUnstrate '* 
the altered grouping of a eompnund 
Sigs. 206 and 267 show the isomer 
wouuy nure. (,£■ -^^,Q(,^^ y fliireand gum ind how their 
difference of properties may be caused Another '*''™' 
Bonroe of the diversity of properties and ilasticity of organic 
compounds, is veryprobably the remwkable allotropic var ations 
of their constituents. We have seen how maiked this picperty is 
in sulphur, oxygen, and phosphorus. Carbon, also, the universal 
and essential constituent of organic compounds, has its threefold 





is BSia of their ft'eedom of change! 8SS, Whal property doea nitrogen impart! 
■Wbiit affects the propertiefl of organic substance"? Esample, 890. How dofa 
jaomerlsm explain OivorsitteB of organic hoaieet AUotropism) 691. What diBtinc- 
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aspect. That the elements carry their allotropic coaditionB into 
coml)iiiH.tioii seems to have been lately established hy Beouib, who 
has succeeded in producing several compounda of carbon in which 
it evidently exists in tbe state of graphite (538). See Atlas, 

§ III. CoUoid Condition of MaU&r — Dialysis. 

891. — The recent distinction of bodies into crystalloid or crys- 
tal-like, and colloid or jellj-lite, lias been stated ; but tbe Tiew ia 
of such importance in connection with organic phenomena as to 
requii'e further explanation. 

892. Their Contrasted Fropertiea. — It was said that the crys- 
talloids as, water, acids, saline compounds, sugar, &o., tend to as- 
sume hard forms with angular ontlines ; that they are easily 
soluble, and form solutions which are mobile, or without viscidity. 
Colloid bodies, on the contrary, aa albumen, gum, glue, starcli, 
&C., are soft, with rounded outlines, have little or no tendency to 
crystallize, ai'e slowly soluble, and form viscid solutions. 

893. Power of Diffusion. — In this respect there is a further 
important contrast of properties. This may be shown hy pro- 
viding two jars and placing in one a little Colored crystalloid, as 
bichromate of potash, and in the other a colored colloid, aa caro- 
mel (burnt sugar). If each be covered several inches deep with 
another colloid, aa starch jolly for example, after a few days it will 
be observed that the potash salt has diffused upward through the 
gelatinous mass, whUe the caromel has hardly discolored the jelly 
immediately above. This ezperiment illustrates a most important 
general principle, viz.: that crystalloids diffuse actively through 
colloids, and that oolloida will not diffuse through each other. 

894. Dialysis. — These facts open a new source of analysis. If 
a small hoop he prepared and one side of it he covered with strong 
paper (942), it forms a vessel like a Meve. Letthis ho floated upon 
pure water, and a mixture of crystalloids and colloids, as sugar and 
gum, be placed upon it. The paper is a colloid, and the crystal- 
lized sugar wiU diffuse rapidly through it into the water below, 
while hardly a trace of gum will pass. Any animal membrane, or 
a layer of gum, gelatine, or albumen, when used as a partition, acts 
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in the same manner, tranMnitting crystalloids and arresting col- 
loids. Prof. Geaham calls tliis mode of separation ddah/sU. 

895. ANewTheory of OBinosiB,— These views afford a new 
esplanation. of osmose (YO). Graham maintains that it is not true 
capillary attraction whicli causes the flow of liquids through moist 
memhranes, aa formerly described, hut that it is due to a combi- 
nation and decomposition taking place in the membrane. When a 
colloidal membrane is in contact with pare water upon one side, 
and a saline solution on the other, it combines with the water, 
but the saline solution, having a stronger attraction for the 
water than the membrane has, takes it away, and thus, by a con- 
stant hydration and dehydration of the intervening coUoid, the 
motion of the currents ia establislied. 

896. Further Contrasts. — There are still other contrasts be- 
tween these two classes of bodies which throw light upon organic 
changes, The crystalloids are of a permanent nature, while the 
colloids are unstable. The former, from their hardness, are com- 
paratively unaffected by esternal agencies, while the latter, from 
their softness, are extremely susceptible to them. As might be 
supposed, the living body is formed of soft, impressible colloids, 
albumen, gelatin, fibrin, &c. As the colloids cannot diffuse into 
each othei', they are adapted for fixity of structure ; while, from 
their ready permeability by water containing crystalloid mate- 
rials, they give rise to the motion of fluids. 

897. Mutability of ColloidB. — Moreover, while the chemical 
equivalents of the crystalloids are generally low, those of the col- 
loids are always high. The crystalloids have a decided taste, and 
are chemically active, while tJie oolloida, ftom their high equiva- 
lents, and the fitassiiienesa of their complex atoms, are chemically 
inert, and insipid to the taste. But, physiologically, those relations 
are esactly reversed. The colloids are the seat and instruments 
of change ; they not only impel the circulations ; but, from their 
complexity and mutability, they are themselves capable of those 
rapid decompositions and transformations which are necessary 
for the manifestation of the vital actions. Having contributed 
for a while to the stability of the structure, they break up into the 

analysis caUed ? 895, What fa Gkaejh's new theory of OBmoao? Hnw aro tlm 
iraiuotlc eurrenls ealabllahed I 893. Slate other contrasts lietween cryGtallolfls aud 
colluidH. How do these proxietliea afffect the living liody ? S97. How do orystal- 
loiaBOnaDOlloidsdifferchemlosllyf How phyeiologioallyl SSS. What does pros- 
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simple)' forms of crystalloids, and tlieii rapidly diffuse away as 
waate products. 

898. Speaking physiologically, the oiystalloid has been termed 
the statical condition of matter, and the colloid the dynamical. 
Graham remarks that the colloids possess eaergia, ajid may be 
looked upon as tSio primary source of the force appearing in the 
phenomena of vitality. 

§ lY. Organic Analysis. 

899. Prosimate Analyals determiaes the proportiODS of the 
pi-02imate principles of organic liodies ; for example, the starch, 
sugar, gluten, ligneous fibre, and oily matter in the flour of wheat. 
The first step consists io thoroughly drying the substance to be 

analysed by exposure to aheat of from 
2ia° to 260° m an oven with double 
sides, inclosing water, brine, or oil, to 
maintain a steady temperature, which 
is indict^ed by a thermometer, Fig. 
263. The proportions of water and 
solid matter are thus asoertaiuod. 
The dried product is then exposed to 
' the action of various substances in 
succession. Water dissolves sugar 
ty ug Ten. ^^^ gum, ether the fatty bodies, al- 

cohol various crystallizable organic principles, such as vegetable 
alkalies ; while diluted acids and alkalies ai-e employed to effect 
other solutions ; they must always be used cflutiously, however, 
as they tend to decompose organic matter. 

900. Use of the Microscope. — In this kind of analysis the mi- 
croscope is of great use in determining the eompleteuess of sep- 
aration, as it is often better fitted for the detection of organic par- 
ticles than any chemical testa that can he applied. For this reason 
the micTOscope has been made to do excellent service in the de- 
tection of adulterated mixtures of food. 

901. The JVUneral Elements of organized bodies are procured 
by taking a weighed portion of dry organio matter and carefully 

Imate nnfllyela detevmlQeJ What is tlie fli'at alep? "What the nest procoas? 
9O0, la the misoroecope asetult MI. How are t!ie mlnecal elcmenta pmcurod! 
S03. In what does nlUmate organic analjais conslet J B03.' Deeoritis the apparatus 
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burning away the combustible part. The aali that remains is then 
submitted to the action of Yarious solTents, and its scTeral ingre- 
dients ascertained. 

902. Forms in which Elements are obtained.— As the chief 
bulk of most organio substances consists of carbon, oxygen, hydro- 
gen, and nitrogen, ultimate organic analysis consists in detemiiniug 
the proportion of these elements. They may be obtained eithct 
separately or in a state of oombinatiou, but the latter method is 
most practicable. Hitrogen is generally produced in the form of 
ammonia ; hydrogen as water, and carhon as carbonic ooid. 

903. Ths Apparatus of Analysis. — The analy^s of a body con^ 
twning carbon, oxygen, and hydrogen is effected in the following 
manner : A sheet iron furnace in the form of a trough, A, Tig, 
369, rests upon brioks, g ff. A tube known as the comimstion tuhe. 




AppiLralne for Organic AbbI^Ib, 



half aft tnch in diameter and fifteen inches long, rests upon sup. 
ports in the furnace. This is closed at one end, and filled with dry 
oside of copper mixed with the substance to be analyzed. Oxide of 
copper is used because it readily imparts oxygen, to combustibles 
in contact with it, but when heated alone, it bears a very high tem-. 
peratnre without being decomposed. This tube is tightly connect, 
ed by a cork to the drying tube, which is filled with chloride of 
calcium, and accnrately weighed ; / represents LicBre's potash 
iuUa which contain solution of caustic potash. The'^e aro also care- 
fully weighed and attached to the drying tube by air-tight con- 
nection. 

904. The Process.— The combustion tube is surrounded with 
charcoal and heated to redness, A portion of the osygen of the 
copper, seizmg upon the hydrogen of the organic body, foi'ms 

fut organic analjaln BUi. Denoribo Ihe proccBB. 805, How ts the oxygen do- 
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Vflter, wltioli, passing off as vapor, ia either condensed at d, or 
absorbed by tts chloride of calcium. Another portion of the 
oxygen, oombining with tlie carbon, forms carbonic acid, which, 
passing through the drying tube, enters the bulbs, and is absorbed 
by the potash. 'Whoji. the combustion ia complete, the potash 
tube is detached and weighed, the gain being ia earbonic acid, 
three tenths of which is carbon. The chloride of calcium tube is 
also weighed ; its increase is water, one nintb, of which ia hydro- 
gen. As there is no other source for tbo carbon and hydrogen 
than the organic body, the quantity wMci. it contained is thus 
determined, 

905, DetenniningtheOxygen.— But the carbon and hydrogen 
togetherdonot equal the weight of the original Bubstance; the de- 
ficiency ia ash and oxygen. The proportion of ash being ascer- 
tained by incineration of another sample, the quantity of osygea 
is the remaining deficiency, and is easily calculated, 

505, Determining the Nitrogen. — If th,e compound to be ana- 
lyzed contain nitrogen, its quantity must be determined by a sep- 
arate procesa. When heated in a suitable apparatus with, an ex- 
cess of hydrate of potash, the whole of the nitrogen escapes in the 
form of ammonia, which is feasily collected, weighed, and the pro- 
portion of nitrogen determined. 

907. Of course this is bnt the barest outline of the process, 
and is designed only to convey a general idea of the mode of pro- 
cedure, Numberless precautions and particulai-s of the most del- 
icate nature have to be observed, and only a consummate skill of 
manipulation can produce fo-nstworthy results. 

303. Organic EquivalentB. — The information furnished by bare 
analysis is bnt scanty; it does not give the combining propor- 
tions of a compound, or the number of its atoms. To obtain these, 
the unlinown substance must be made to unite with some com- 
pound, the constitution of which is established. Various well- 
determined mineral snbstanccs are used — very frequently oxide of 
silver, which combines with many organic bodies. Its equivalent 
is Agios -h08=116. If it be desired to determine the combining 
number of acetic acid, a weighed portion of the oxide is made to 
unite with the acid, of which it takes an equivalent quantity. 
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e that the acetate of silver formed ai 
It is thea burned. The acetic acid and the oxygen of the silver, 
are both driven off, the loss being IT.Si gra., and there are 31.49 
grs. of pure metallic silver left. Then 

otBilvcr. ofeUyer. otaoia. ofaoid. 

31.49 : 108 : : 17.34 : 69 

This product, 59, is, however, too high, as it includes the oxygen 
of the silver, which escapes with the acid. Deduct this, aud we 
have 51 aa the true atomic weight of acetic acid. 

909. Calculating Fonnulse. — If now, by the process (904), 
we analyze the Hflme quantity of acetic acid, we shall find that it 
contains 34 parts carbon, 3 hydrogen, and 34 osygen. These 
qnantitios divided by the atomic numbers of the elements, give 4 
equivalents of carbon, S of hydrogen, and 3 of oxygen, or C4H30i| 
as the empirical formula of acetic acid. 

§ T. Theory of Convpound Radicles* 

910. Importance of Grouping. — The recent adTance in chem- 
istry compels us to the conclusion that the arrangement of atoms 
is of more significance than either their proportions or their kinds. 
Formerly organic compounds were classified according to their 
obvious properties, as acids, bases, &c. ; but at the present tune 
the strict scientific method is to distribute them into groups and 
series according to relationships of derivation and analogies of 
atomic arrangement. The doctrine is worked out in different 
ways by different authorities, and though chiefly of importance 
to the advanced chemist, it will be also interesting to the general 
student, as developing many curious facts and illustrating the direc- 
tion of progressive thought. 

911. Oompoiind Hadicles have been referred to as combina- 
tions of elements, which play the part of simple bodies, so that we 
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maj trace them ia their relations and cIiaTiges as we do the ele- 
ments themselves. Potassium, for example, is (in element; it com- 
bines with, osygen, fonning oxide of potassium KO, and thia again 
combines with water, forming EO, HO, oi- hydrated oside of potas- 
sium. If, in place of water, nitric acid he used, we have nitrate 
of oxide of potassium, KO, NOj, or with other acida, a large class 
of salts of oxide of potaasiuin. Potassium ia hers regarded as the 
starting point, the root, or radiele, of this series, and, being un- 
decomposahle, it is called a simple radicle. 

912. Example. — H"ow there are compounds or groups of ele- 
ments which behave in a similar way, and are hence called com- 
pound radicles. Ethyl, for example, is a radicle with the composition 
C4H3, and gives rise to ft seriesof compounds, like potassium: thus, 

Ethyl, O.H, 

Oside of ethyl (w 
Hydrated oxide of ethyl (co 

As potassium combines with sulphni-, chlorine, iodine, &o., to 
form a series of salts, so ethyl combines with the same elements to 
form a series of ethers, as follows : 

Oxide of potasaium, KO Oxide of ethyl, 0, H^ 

Sulphide of potassium, KS Bnlphide of ethyl, O^HjS 

Chloride of potassium, KOI Chloride of ethyl OiH^Cl 

Iodide of potassium, KI Iodide of ethyl, 0+ H, I 

Bromide of potassium, KBr Bromide of ethyl, OjHjBr 

In the last column we have a sei-ies of ethers, in which S, 
01, 1 and Br replace the of common ether. Other compound 
radicles, a3 methyl (OsHj) and amyl (OuHiOt g'^s *'ise in the 
same way to different aeries of ethers and alcohols. 

913. It was at first objected to this theory that the radicles 
were hypothetical bodies, which oonld not be separated or proved 
to exist. To this it is replied, that several of them Itaiie beeii sep- 
arated, while the view they affoi-d greatly assists the comprehen- 
sion of organic changes. See Ohemica! Atlas and Chart. 

§ YI. Sbmologous Series. 

914. Homology is a term used to express an interesting rela- 
tion among organic substances, which has been made by GEEHAiiCT 
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tlie basis of classification in hifl system of (heniatiy, A series 
of compounds is called Tiomologot a when each meraher of it— tliat 
is, each compound — difteia from the others m i legular mamisf, 
either hy a aniform number as H oi its multiple ; and when 
the properties of these difieieiit compounds aie int rely analogous, 
yet differ in degree in proportion to the vai'ying composition. 

915. There ia a class of compounds, for esampie, known aa 
alcohols, which manifest a close analogy with each other, both in 
composition and in their modes of decomposition. In the sub- 
joined table the composition and homology of the most important 
of this group of bodies is represented. 

HoMOLoaofs Sekies op Aloo- Homologous Srbibs or Tola- ■ 

Methjlie alcohol, Oj H, Oj Formic acid, C^ Hj 0» 

Common alcohol, 0, Hg O^ Acetic aeid, C4 H^ O^ 

Propylio alcohol, 0, H, O3 Propylic acid, 0^ H„ O, 

Butylic alcohol, O, H,„Oa Butyric acid, 0, H3 O^ 

Amylio alcohol, 0,o H13 Oa Valerianic acid, 0,0 Hi„ O^ 

Caproic aleohoi, 0,a H,^ Oj Oaproio acid, C,, H,3 O. 

Oaprylio alcohol, OieHijOj Caprylic acid, 0,eH,aO^ 

Laurylio alcohol, OaiHajOj Laurie acid, C,. H,, O, 

Oetyiio alcohol, Ojj H,, O3 Ethalio acid, O^aHasO^ 

Cerylic alcohol, Oj, HjeOj Cerotic acid, Oj^Hj^O, 

Melissylic alcohol, Oeo H^a O3 Kelissic acid, Oao H^o O, 

Here it will be seen that the first sis of the alcohols differ by 
the successive addition of GM^, and the rest by its multiples, 
Formula have been constructed to represent these compounds in 
wMoh n n stands for 2, 4, 6, 40, or any even number of atoms of 
carbon and hydrogen, and by which the composition of the al- 
cohols is indicated, thus OnHn+ 2 Oj, 

916. "When any compound of a homologous series is decom- 
posed, it ^yes rise to compounds which are definitely related to 
it, but as they are differently constituted, they are termed Tietero- 
hgous compounds. The alcohols, when decomposed, give rise to 
a series of ethers, of aldehyds, and of acids ;— heterologous groups, 
but each forming a homologous series. The most complete of 
this series is that of the volatile acids, some of which are given in 
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the table. They ai'e derived from tte alcohols hj oxidation, and 
several of them occur in nature. They differ hj an inorement of 
Ce Ha; and have the following general formula, OnHnO, 

917. The extreme terma of this series ai'e widely separated in 
pi-operties ; formic acid being a pungent, corrosive, ■volatile liquid, 
which must be cooled to 83° to solidify it, while melissio acid is a 
solid fat which melts at 193°. But if we compare any compound 
of the series witli the adjoining ones, the difference in properties 
■will be fouad but slight. They incre^bs in solidity, and tKeir 
melting and boiling points rise gradually ivith each successive in- 
crease of the common difference. Bnt a part of the aeries is 
given in the table ; it rises nndnterruptedly, step by step, from 
2 to 88 equivalents of carbon and hydrogen, through nineteen 
links of the homologous chain; above this there are gaps not yet 
filled. A few years ago only the first two members of the series 
were known. For illustrations of this and the following subject, 
see the Chemical Atlas. 

§ VII. Thew'y of Types. 

918. Convinced of tlio difficulty of representing the actual ar- 
rangement of the atoms of chemical compounds, many chemists 
maintain that we should represent in foi-mulse only those relations 
snd annlogiea among compounds which result from their modes of 
decomposition, when subjected to the action of the same chemical 
reageuts. To effect this, all substances are thrown into a few 
great classes of analogues, and some leading member of each divis- 
ion, having familiar and well-marlted characteristics, is selected as 
the pattern or type of the class, from the formula of which that 
of all the othere is derived. This view puts resemblance of chemi- 
cal properties out of the question ; hence the same type may com- 
prehend acids, bases, and neutral bodies. 

919. Gbrhaedt refers most of the bodies of organic chemistry 
to four principal types, as follows — the first column representing 
the types, and the second giving single examples of compounds 
arranged under them : 
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1. The hydrogen (jpe, ^ [ or Ha 


Marsh gas, hydride of Mo- CA 
ti,yl, H 




2. Tho chloride or H 1 
Chloiohrdiio acid type, CI f 


Cblocohydrio ether, 


"«• 




3. The oxide or H 1 „ 
Water fjpe, H f "= 


Alcoiio!, 


"•!!•: 


[0, 


4. The nitride or S f^, 
Ammouiatypc. g " 


ElhjkHliQC, 


H 


U" 



920. Substitution and Replacement.— When the idea of ft type 
is aooeptod, tli li & th t take place under it are regarded aa 
replacements b 1 1 t It is like presei-ving the general 
structure of an d fi th ugh constantly removing its individual 
bricks and fit n and ej 1^ ng them by others. Thus in the 
chloride type w aa b 1 1 t for the cblortae, iodine, bromine, 
or cyanogen, wb I tl typ emains unaltered. 

921. Perhaps the most interesting ease of substitution is where 
ammonia is converted into a oompies organic base by replacing its 
hydrogen wifh various compound radicles. If bromide of ethyl be 
made to act upon ammonia, anew base ethylamine, O4H1N, appears. 

^? 
This is a compound of the ammonia type, H !■ W, and may he repre- 



ss ammonia in ivhich one atom 
H ) 
of hydrogen has been displaced by its equivalent of ethyl, O4H5. 
If thisnew oomponnd be heated with bromide of ethyl, diethylamine 

is obtained, C,!!, > 'S ; that is, another atom of hydrogen is re- 
placed by an atom of ethyl. Agwn, the last atom of hydrogen may 
bo replaced by the radicle, and triethylamine results, 0,Hj > N. 

Thus a new ammonia is formed, closely resembling in properties 
common ammonia. 

822. Another remarkable instance of this substitution is that of 
chlorohydrio ether, O4H5OI. Olilorioe combines with tliis ether, 
forming a series of five new compounds, in which it displaces tlie hy- 
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drogen, equivalent for equivalent, until the latter element ia all re- 
moveil, and tte compound completely chlorinated. Ifeither the 
nnmber of atoms in the eompound, nor their arrangement are 
changed in this complete revolution of composition, vrhile the 
boiling point and density steadily rise aa the qnantity of chlorine 



933. Coupling of Organic Compounda.— We have just seen 
that there is a clasg of snbstances prodnced Ijy the nnion of two or 
more simple organic componnda, yet retaining the character of one 
and losing that of the other, Tlins, etlijl unites with ammonia, 
its own characteristic properties disappearing, while those of am- 
monia continue. The terms coupling, or conjugation of com- 
ponnda, have been applied to this kind of nnion, while that con- 
stituent whose properties disappear is called the copula. 

924. The foiei^oing views aie not aufliciently developed to 
serye as a haeis of popular classification We ih II adoj t on ai 
rangement less strictly Bi,i;,ntiflc hnt more convenient foi the 
general student 

The chief vegetalle and an mol pioducts anl their moat im 
portant changea will be noticed m the loUowing oidei — 
1, The iaeeha/rine atiA amylaceous group. 

5. The aleaginoua group— faU and oils. 

3. Aeida, hoses, and coloring prineiples. 

4, Nitrogenoui compounds^ their changes and products. 

6. Animal products. 
6. O&emistrt/ of foods. 
V. Ohemisiry of soils. 



CHAPTEE XIX. 

THE SACCHAEIKE AKD AMTLACEOL'S GROUP. 

925. This ia an important class of organic hodies, composing 
the chief hulk of the vegetable kingdom, and entering largely into 
the diet of animals. They are distinguished hy several chem- 
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ical peculiaiities. Oontaining no nitrogen, they are termed 
the non-nitrogenous gronp ; teing composed of three elementa, 
carton, hjdrngen aad osjgeD, they are known as the ternary 
group; aad, as they contain hydrogen and oxygen in the exact 
proportion to form water, they have heeo called hydrate.^ of ear- 
ion. Wo cannot say, however, that the hydrogen and oxygen 
exist in these eompounda as water. Their mode of origin and 
mutual relations in tho plant mil bo nutictd in the chapter 



TOgetahle g: 



§1. The Sugars. 



926. These sweet-taated bodies are widely distrihntod through 
tho vegetable kingdom, and largely employed as food. There are 
several varieties of sugar, hut we can notice only three : cane 
sugar, or sucrose; grapo sugar, or glucose; and milk sugar, or 
lactose. 

927. Cane Sugar, C,2H,,0|, (Sucrose.)— Thia, the most im- 
portant variety, has aspecific gi'avity of 1.6, is soluble in one thh'd 
its weight of cold water, forming a thick sirup, and is the sweetest 
of all the sugars. When evaporated from ite solutions it readily 
crystallizes ; but when long boOed it acquires on atom of water, loses 
its property of crystallization, and acquires an acid reaction. If 
boiled for some hours, with a trace of acid added, it is changed to 
grape sugar, CaHiaCa + SAq. In its chemioal relations swgai- 
ranks with acids; it dissolves and combines with various bases, 
forming eacckarates; as 3PbO, C,2ll,„0io, saooharate of lead. 
Sucrose melts at about 830°, and by cooling forms the transparent, 
amber-colored solid known as barley sugar. If the melted sugar 
he heated to 420°, a brown, bitter mass results, known as earomel, 
which is much used by cooks and confectioners as a coloring agent. 

928. Manufacture of Sugar.— Cane sugar is chiefly produced 
from the cane, beet root, sorghum, and the pdm and maple trees ; 
but by far the largest portion is from the sugar cane. The canes 
are crushed by passing them between grooved iron cylinders. 
The juice, when first expressed, is liable to rapid decomposition 

ve^tablo and animal iingdojna! How ars they named, niid whyl 326. What 
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fi'om the teat of the climato. Ihis is prevented by the addition, 
of ft smftll quantity of lime, whicli neutralizes acids and coagulates 
impuritioa. The juioe ia evaporated by boiling iu large open, ves- 
sels, and when reduced to a proper conaistenoy, ia transferred to 
coolers, where a portion of it crystallizes, fonning raw, or brown 
sugar. On an average, a gallon of juice producea a pound of 

929. Molaa — Th 1 f th w f molas- 
ses. It contain pt fth tlthl bt and 
darkened in big th ptthth b hgdtothe 
uncrjstallizable tat and tU tl f ytalizel ugar. 
It has a strong pe 1 taat d J I It very 
absorbent of w t md d manj k d f w g t m this 
cause, melt into simp when espoaed to the air. 

930. Refining of Bi^ar. — Crudesugarsarepiirifled, or refined, 
by reducing them to a sirup and first filtering it throagh twilled 
cotton, to separate mechanical impurities. The same effect is 
further promoted by the use of serum of blood. To decolorize the 
sirup it is again filtered through a bed of coarsely-powdered 
eharcoiil. Tt is then evaporated in vacuum pans— the air being 
ysliausted, so that it will boil nt a lower temperature — and finally 
reorjsta!li.ied. 

931. Grapo Sugar, 0,sH,20,24-2A(i.{6';«C(iS6).— Tliisvai-iety 
of sugar is less soluble and less easily wyetallized thau sacroae. 
We are familiar with it aa the sweet grains of raisins, figa and other 
dried fi-nits, and it is also largely obtained by transformation of 
starch (951); hence it ia called sSarcAsayoi)-. Bbem akd lias ahown 
that it is normally produced in the livers of animola, and it appears 
as a morbid constituent of the urine in the disease called diahetes. 
The candied sugar of honey and sweetmeats consists of glucose. 
Fruit sugar was formerly supposed to be a distinct variety, but it 
proves to be rather a mixture of different kinds, 

932. Milk Sugar, 4Ha5024 {Lactate}, is obtained only from 
the milk of the mammalia, to which it gives its sweetish taste. It 
is obtained by evaporating clarified whey till it crystallizes. It is 
much less soluble, and, therefore, mnch less sweet than cane or 
grape sugar, and its crystals are hard and gritty. 
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g II. Starch. 

933 Staroh, C,aHn,Oi (F^luU, 
. Amudm) — TIiis substanoe i& lound 
^ iituveiaally distributed in this vege 
table kingdom m grain-, seeds, roots, 
t and tlio pith and bark of phnts 
"V\hon pure it is a snon wliite gbs- 
1 TLiiig puwder Esinunod by tlie 
iu)i,rost,ope, it 13 found to Lonsist 
ol esceedmgly miaufe round, or 
ovaJ grains, whicb vary m size 
from tw 'o Tffffsff '^f ""^ "^'^^ ^^ 
diameter Potato gi ^nulea are mueh 
larger thaa those ot wheat orin,o 
Starch giains from diflsrent sourcts 
vary also in foim and Btructuie 
Those of the potato are egg shaped , 
those of wheat are lens shaped , those 
of nee angular, while aoveral kinds 
have a grooved aspect, and consist 
of conoentiio lajeis, like the coats 
of an onion As each vaiiety has 
Bome peculiarity by whiiji it miy be 
^ ^ «Em ^""e *« identihed, the adulteration of wheat 
™ » a ' ^'"" ^^ potato, 01 otter starches, 

^a'^ #*^ may thus be detecti,d 



OraiDB of FlaDtais 



'^•a^ 

■^^"i- 



Pttjperties — &taroli is in 
soluble in cold witer, alcohol and 
ether, but swells up and is eon 
verted into i paste in water containing 2 pei cent of alkali It 
heated m water to 140°, the grains swell and harst pioducing a 
jelly like maas (gelatinous siiu-oh, or amadm), whuh is used 
to impart a gloss to textile fabrics. The tost ol stoieb is lodiae, 
which combines with it, forming a blue compound. 

935, Sources and Variet ea — a h s large y p ocurod f m 
i wheat, and e (? s A s bt nel t om Ind an 

1. Gi™ the m ™ Q W 
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com by chemical agency, being freed from the glutinous, oily, and 
ligneous elements of the 80od, by the aid of alkaline aolutions, and 
by grinding and bolting the corn in a wet condition. Sago is a hrown- 
ish-white starch, obtained from the pith of the palm tree. Taptoea 
and arrow root are starches from the roots of West India and South 
Ameri:,an plants 

936 TransfonnationB of Starch. —"When commercial stai-ch is 
heated under preasme to 330°, it boi^omt'i soluble in cold water, 
and IS changed into gum It is sold under the name of BriPiah 
qum, ind IS aucoessfullj substituted for (pim arable by calico 
pnnteis m thiLkening then colors If gelatinous starch is boiled 
for a few mmutes with weak sulphuiic^ awd, it changes from a 
Tisoid mass to a limpid fiuid and a subiitanLe is produced called 
d-extrme, which resembles gum m propeities It is a transparent, 
buttle solid, laomeric with sta oh, solille in water, incjipable of 
fermentation, and produces rigM-handed rotation in n ray of polar- 
ized light ; hence its name. If the acid solution of dextrine is boiled 
for some hours, and the acid removed by neutralizing it with 
■ chalk and filtering, the liquid will be found to yield upon evapora- 
tion a mass of solid glucose exceeding in weight the starch from 
which it was produced. The starch has become grape sugar, 
0,2HnO,4, its increase in weight being due to the acquisition of 
tlie elements of water. The sulphuric acid suffers neither change 
nor loss, but seems to effect the transformation by its bare pres- 
ence. Unripe fruits Contain starch, which by ripening is con- 
certed into sugar. 

937, Gum, OiaHnOj, (AraUn). — ^These terms are applied to 
a class of substances which are often seen exuding in globular 
masses from the bark of trees, as the plum and cheiTy. Gum is 
translucent, tasteless, inodorous, and either dissolves in water, or 
swells up and forms with it a thick mucilage. It ezista in small 
proportion in the cereal grains, but its chief source is tropical trees, 
from the bark of which it flows in such quantity as to be gathered 
for commercial purposes. Gum Arahie, the product of a species 
of acacia, is a hard, brittle substance, and is, perhaps, the best 
known of the gums. Its solution being very adhesive, is used as 

S36. What IB BritiBli gum, anS Sow uaed! How 1b dextrine produoeSJ Give 
ilB properticB, How is it clmngcd to gropo eugir! What ot unripe fruits? 
837. What la gum or arabin ? Its eourcoB andpropeiliea. WSat iagumorabiol 
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a Bull stitute for paste Oi glue. Mudlage ot laseorin CCibH[i,0,j) 
is a kind of gum insoluble in water, btit wliioh Bwella into a gela- 
tinoua raasswliea moistened. It abounds in gum tragacanth, and 
also in quince seeds and linseed, 

938. Vegetable Jelly, JPecUn, or Peetic Aeid, is a substance 
resembling starch and gum in its composition, whict giveg to the 
juices of fruits and roots the property of gelatinizing. When 
bailed a long time it loses its gelatinous property, and becomes of 
a gummy nature. It is but sligbtly nutritive. 



8 in. Woa 



I Fibre. 



939. CeUtilm,0,aH,„0,o.— TMb is the most abundant prod- 
uct of vegetation. Besides forming the chief bulk of all trees, it 
Fid "'s exists in the straw and sitalks of 

gram in the membrane which 
envelops tie kernel (biau), ia 
the husk and sLm of seeds, and 
in the rin.d>< core*" and stones 
offruit "Woodconsisfsof^lender 
Aires 01 tubes olosely packed 
together Tig 2^8 "WI i.n 'first 
lo med these tubes are hollow 
and serve, to convey the '^ap, but 
in the heart wood of tioes they 
become filled up and consoli- 
dated as shown in Tig. 374, the 
circulation of fluids taking place 
in the white estcrnal sap wood 
(aUxurrmm), Upon the density 
ivith which the fibres are im- 
bedded together depends the 
property of hardness or soft- 

940. Composition and Prop- 
erties. — Woody fibre consists of two parts. Oellulin is the fibrous 
portion — the base of the woody tissue. It has been known as cel~ 




TuboB of Haart Wood 



in It found r How is 
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hilose, bnt it is batter, as Millkb snggests, to ohftnge it to eellulin, 
i-eserving the termination ose f th g C 11 lin when pure, 

is white, tasteless, and insolufa w h tier, bnt 

dissolves in a solution of oside m mm. is nearly 

pure in cotton, linen, and eld p h In h su f eellulin 
there is deposited a ligneous m ta n ailed g which is 
the thickening and hardening w d d orms the 

principal part of its weight. d fii par d has not 

been obtained pure, nor has its composition been determined. It 
is deposited mised with the coloring matter of the wood and with 
resinous sabstaoces, which increase its combustibility, 

941. Transformations of Oellulin. — Cellulin is not colored 
blue by ioilino, but when digested for a short time in sulphuric 
acid, it is changed and answers to the teat of starcli. It may be 
converted into sugar by the fullowing process. Two pai-ts of linen 
and cotton threads are soaked for 24 hours in three parts of snl- 
phni-io acid, and the mixtnre is then lai^ely dilnted with water 
and boiled for a few hours. If the aoid be then neutralized with 
chalk, a mass of glucose is obtained which, if the process is well 
conducted, may exceed in weight the woody fibre employed. 

942. Paper is made chiefly from waste cotton and linen rags. 
They are bleached, boiled in alkali, and reduced to pulp by means 
of a beating engine. The pnlp, formed into sheets and dried, is 
blotting paper. To convert it into writing paper, it is soaked in a 
preparation of glue and alum (sized), and then pressed between 
hot iron plates. To make vegetable parchment, thin, unsized paper 
is plunged for a few moments into a mixture of sulphuric acid and 
water, and then washed. In some unknown way the fibre is 
affected and the paper made five times stronger than before the 
process. 

943. Gun Cotton, OjgHj, 9H"0,, O30, PproxyUne.— 11 ootton, 
linen, sawdust, or paper is dipped into a mixture of equal meas- 
ures of snlphui-io and nitric aoid, of sp. gr. 1.520, a remarkable 
chemical change takes place: 9 atoms of the hydrogen of tlie cel- 
lulin are replaced by 9 equivalents of peroxide of nitrogen (NO 4), 
while the fibre, without being changed in appearance, increases in 
weight S3 per cent. When removed from the solution and prop- 
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erly washed and dried, it forms gun cotton, discovered a few years 
ago by Frof SohSsbein. It ignites at 400° (200° below gunpow- 
doi'), and disappears ia an instantaneous flash, leaving hardly a 
trace of residue. Authorities vary in estimating its explosive 
force, but the latest make it about three times that of gunpowder. 
The estreme auddermess of the propulsiTe force overstrains the 
gun and produces less effect upon the hall than gunpowder. Ool- 
lodv>n is formed hy dissolving gun cotton in ether containing a 
small proportion of alcohol. On evaporating the ether, a trans- 
parent, adhesive film is left, which is insoluble in water and is used 
in BUi-gery for protectiug wounds from the lur. The chief use of 
coOodion, however, is in photography, 

§ lY. Destructive Distillation of Wood. 

944. When wood is heated in close vessels, or with but partial 
access of air, it gives rise to a lai^numherof compounds, depend- 
ing upon the nature of the wood and the temperature employed. 
The prodncti of distillation at the lowest temperature, as water and 
acet and ca 1 on c ao ds, conta n m oh oxygen. As the temperar 
tire r scs the jruducts conta n le s oxygen, as creosote, and wood 
sp nt At a h ghe h at v r ous hjdro irbous appear, aa eupion, 
pa/raffl ■nhle at a el heat pu e hydrogen predominates. A 
res due of chircoal always emaius n the retort; in dined hard 
wood amount ng to "5 per een of ts we ght, or % of the carbon 
wh ch tl e wood onta ned 

945 Charcoal and Tar — Charcoal s commonly prepared by 
cove ng files of wood w tl e'i tl so as partially to esclude the 
air. The mound or pit is then fired, and the volatile constituents 
of the wood gradually distilled off, by a slow, smothered combus- 
tion, leaving the charcoal. To produce tar, resinous pine woods 
are used, and the bottom of the pit made concave. As the com- 
bustion proceeds,the liquid products are separated, collect at the 
bottom, and flow out through a trough into a reservoir. Th^ 
COuast of tar, aaetis acid, and oil of terpentine. "When tar is dis- 
tilled, essence of turpentine is separated and pitch remains. 

By whom -waa it aisoqvctcdf How Sees it oompiiro -witli gnnpowdorl Howis 
collodion prepurod 1 What »te Ha ueea 1 944. "What Dccura when wooS JB hent- 
ed in olose veseslg? Mention ihe suoseesiTC pioducl^ .What ia tlie tesidue! 
945. How is cliaroool propnrod ? How le lar protluoea! What of the liquid 
produotst 94G. How is pj'roligneoDa acid obtalaedt Slats ite prapertles and 
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945. PyrolignooTia Acid or wood vinegar, is best obtained 
from dry beecli wood, a pound yielding nearly half a pound of the 
acid. It is a brown liqmd, with a Htrong smoty taste and odor, 
and contwns acetic acid. It is cstenfflyely used to form salta— 
the acetates used by dyers. 

947. Creosote (Jlesli-pTesemer) is a colorlefi, oily liquid, with 
a smoky odor and burning taste. It is a powerful antiseptic, and 
meat steeped for a few hoars in a solution of 1 part creosote to 
100 parts water, remains sweet, and will not pntrefy. Oreoaote ia 
used very extensively in medicine, both inwardly and as an oster- 
nal application, but an over-dose is a corrosive poison. Crude 
pyroligneons acid, on account of the creosote it contains, is used 
to preserve meats, to which it impacts a smoked fiavor. The 
curing quality of the smoke of green wond is also owing to this 
cause. It is the vapor of creosote which renders smoke so irri- 
tating to the eyes. 

943. Paraffin.— This is a product of the distillation of wood, 
but is procured chiefly from coal. It is a hard, white, tasteless, 
inodorous, cryatalline solid, resembling spermaceti. It melts at 
111", and is formed into beautiful candles, which barn with a 
bright flame, like those of tiie finest was. It is a pure hydrocar- 
bon, having the same composition as oleflant gas. 

949. Wood Spirit— ^'ooti Naphtha — Methylic Alcohol, are 
names given to a product of the distillation of wood. It is a 
limpid, inflaramabla, colorless liquid, with a spirituous odor and 
burning taste. It is chiefly used to dissolve the resina in making 
varnish. A host of compounds, as evpion, a light, volatile oil, and 
pittacol, a deep-blue solid, have the same origin. 

§ Y. Decay of Wood and its Products. 

950. By exposure to the air and moisture, the woody matter 
of plants undergoes a slow decay. In this process of eremacansis 
oxygen is absorbed, and carbonic acid and water formed ; but as 
the hydrogen is taken first, the carbon remains, and the vegBtnble 
mass gradually dai-kens in color, and is converted into a brown, 
or black mould. The term humns is generally applied to the criim- 

uees. 847. 'Whal tB ci'eoeolo? Its uaes! Wliatof eruile pjroUgneoaB ocid! 
Of smoke) MS. Describe paraffin. Ila properties and use. SM. Name some 
other produclB of tlie diBltlJation of -wood. S59. How is woody matter affeeled 
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bled vegetable mattei in a at^ts ot advanced decaj , and la dia 
tnbuted through the soil It is of -m acid natnre, and in it^ 
several stages difterent tcids are prodaced ts geic, humic, aiil 
ulmic acids Thib dass ot bub'itances is ot grejt importinoa m 
soils, IS by their decomposition, they yield oarbonio acid to pi mts, 
while they have the power of absorbing and retaining ammonia 
to be yielded up fur the same purpose. 

361. Organio SSatter of Boil.— Carbonaceous matter coiwtant- 
ly aocnmulates in the soil of forests, which proves that it is derived 
from the atmosphere, and that growtb. is more rapid than decay. 
It is removed from soils by cropping, and restored by adding vege- 
table and animal manures; by ploughing in fresh plants (green 
manuring), or by enltivaticg those whioh have many roots in the 
earth. A crop of clover was found to leave in the soil several 
thousand pounds weight of roots, while wheat did not yield one fifth 
this quantity. In the temperate zones, where decomposition pro- 
ceeds slowly, the decay of aquatic plants in marshy places produces 
thick beds of carbonaceous matter, which aj'e known as peat logs. 

952. Mineral Coal. — At the delta of the Mississippi, and the 
months of other great rivers, masses of drifting wood are con- 
stantly being buried in the mud, and cndergoing slow carboniza- 
tion. Something like this, but on a larger soale, and under 
varying circnmstances, has taken place in the past history of the 
globe. Mineral coal was formed in the earth from an ancient 
vegetation ; the trees — whether grown upon the spot, or collected 
into basins by floods— were covered with mud, and carbonized by 
a slow, smouldering decomposition. Lignite is a kind of imperfect 
coal which, though found in the tertiary strata and hurled many 
£^es ago, is yet in the early stage of the process. It is of a brown 
color, and retains to a considerable extent its woody structure. 
When first raised, it contains a large proportion of moisture. In 
BiiMDjjjMifs coal the process is more complete, having reached the 
hydrocarbon stage ; it consequently burns with flame, and when 
heated with esclusion of air, is converted into color. Anthracite rep- 
resents the last stage of change ; all volatile matter is ezpelled, car- 
bon and ash alone remain, and it consequently burns without flame. 

by Heat and moisture ! What is humua ? Mention tlie produEte of ila decay. 
How iB it removed, and how reBtotedl How do peat liogs orlffinato ! D62. What 
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953. Mineral Hydrocarbons.— In addition to the coals, there ia 
found in the earth a class of highly inflammable bodies, liquids, 
semi-liquids, aud solids, which are closely connected in propertiea. 
Tiie purest and most fluid form of thesa hydrocarbons ia known as 
naphtha ; when of the consistence of oD, it is called petwleum; 
wlien still thicker, it \spiteh; the nest grade ia elastic litumen, 
and in its most indurated state it ia termed asphaltwrn. Naphtha is 
a solvent for bitumen and caoutchouc, and is also of uae to the 
chemiat in preventing tho osidation of potassium and aodiam. 

954. Mineral OUs.— In many parts of the earth uaphtha, petro- 
leum, and other oils of various consistence ooec to the surfiice of 
the groimd, or are procured from wells sunk a few feet. Petro- 
leum ia found impregnating the strata in the vicinity of flre-formed 
rocks and also in maaaes, as the pitch lake of Trinidad, three miles 
in circumference and of unknown depth. The petroleum from the 
shores of Seneca Lake, W. Y,, was known to the Indians under the 
name of Seneca OH. In one province in Asia several hundred 
thousand hogsheads ai'e annually obtained. 

95B.— 'Within a abort time it has been found that micera! oil is 
procurable in many places in the United States and Canada, and 
the discovery has suddenly given riae to a lacrative and important 
husiaess. Wells are sunk in the manner of the Artesian borings 
for water, by drilling through the rocks, often to the depth of 
several liundred feet. In some instances the oil rises to the surface 
&om the pressure below, bnt generally it is pumped up by a ateam 
engine. The oila of different localities vary in ohai-acter. They 
are of a greeniab, reddiah, or dark aapect, and have a disagreeable 
odor. They ai-e mised with water or brine ; ore accompanied by 
inflammable gases, and when pnrifled yield from 25 to 90 per cent, 
of a light oil fit for illumination. The heavier oil, which is unfit 
for this uae, is mised with lard oil and employed for lubricating 



B56. Origin of the OH. — These substances are probably natu- 
ral distillations from organic bodies by the aid of heat. It is diffl- 
Ciilt to see how they can be derived from the coal, for when pro- 
cured in the same locality, the wells are in many cases sank 

Mention olli<.-i' byitraani-linna found in tho tittb. Bute the nses of napbtha. 9M. 
How do tbese liquid hydrocarbons ooour9 Wbers is petrolentn foundl 656, 
Where have mineral oils been dlgooveiod.nnd what has rcsnlledf How are tliey 
ohlalued) Whiit further ie said of them? 958. What la the eupposed origin 
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thi-ough the coal bed to tlie aandstones and shales beneath. la 
N. "W, Pennsjlyauia and New York the wells are outside the coal 
fields, and the oil-bearing strata dip south aud pass 500 or 600 feet 
below the coal measures. Oil fountains in different pai'ts of the 
world issue from all the stratified rocks, but the bituminous shales 
are probably their chief source. 

967. Coal Oil is a product of the distillation of bituminous 
coal, bituminous shales, and asphalt. The matei-ial is placed in iron 
retoi-ts, in large pita, holding a hundred tons, or in kilns of brick 
contwning twentj-five tons. The retorts are heated from without, 
like gas retorts, while the kilns are fired within, like the tar pita 
(945). Some coals produce 130 gallons of crude oil per ton, yield- 
ing 75 gallons of refined oil, while others do not yield a third of 
this quantity. The first product collected in the rosei-yoirs resem- 
bles the natural oil from the wells, and is refined by the same 
method. It is first distilled at a temperature of 600° or 800°, 
and the product, convoyed to cisterns holding 3,000 gallons, is agi- 
tated with 5 or per cent, of sulphuric acid. The acidand settled 
impuritiesbeingdrawnoffat thebottom, the mass is again agitated, 
first with water, and afterward with alkaline lye; it is then re- 
distilled. 

958. Coal produola,— The products of the distillation of coal 
are numberless ; we can mention but a few. Coal nt^Tiiha is ob- 
tained from the distillation of coal tar, and is purified in a similar 
manner to coal oil. 'Betasole or ienzme is a limpid oily liquid 
somewhat resembling oil of turpentine. It is a ready solvent of 
caoutchouo, gutta percba, was, camphor and fats, and is exten- 
siTcly used for removing grease stains from silks and woollen aili- 
cles. If a current of -moist air be passed through benzole, it ab- 
sorbs so much of the vapor that it may be conveyed to a distance 
and burned like HluminatiDg gas. Nitrc-bemoh results from dis- 
tilling benzole with nitric acid, and resembles oil of bitter almonds 
so closely as to replace it in perfumery. Carbolic aaid is an 
abundant crystalline product of the distillation of coal, resembles 
creosote, and has the property of augmenting friction in a high 
degree— the opposite effect of the oils. "When placed between a 
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knife Ijlade aad a diy oilstone, it caasos them to bite and bind, as 
if there were powerful coliesion. 

959. Beautiful Dyea from Coal Tar. — From the refuse of the 
gas house, long held as worthless, chemistry has lat«ly estracted a 
series of the most beautiful dyes. The ba^a of these colors is 
aniline, itself abase of the ammonia type. The radical ^Senyi re- 
places an atom of 

the hydrogen; thus H [ K = aniline. It is a colorless, limpid 

H ) 
fluid, of an agreeable, Yinous odor and burning taste. It combines 
witii acids, forming a long series of salts which are perfectly anaio- 
gons to the salts of ammonia. I'rom these salta several most beau- 
tiful colors have becnpi-odnced of different shades of pnrple, violet, 
and pink. MaUTc, magenta, ond an esc[uisite blue known as Um 
de Parii, are aniline colors. 



CHAPTEK XX. 



§ I. Fats and Fixed Oils. 

960. Oily bodies are generally divided into two classes, Jwied, 
and volatile. The former do not evaporate at ordinary tempera- 
tures, and are decomposed by heat, while the latter volatilize on 
exposure to the air, and are distilled by heat. We shall here ex- 
tend tlie group to include resinous compounds. 

Sai. Identity of Oils and Pats — The fats and fixed oils are a 
class of compounds having nearly the same chemical cSmposition 
and properties. They are composed of carbon, hydrogen, and 
oxygen ; the hydrogen being usually present ia excess, with but 
a small proporfion of oxygen. The difference between an oil and 
fat is simply one of temperature, as a slight accession of heat 
changes the solid fat to the liquid oil without altering its easen- 

Ttlaotla BOid. 959. Wliat lies been obtained from giis Louse i-ofusa 1 'Wliat Is ani- 
Mne, and tow coniposod ? Give its pi-operllea, ITainc Eome Hntllne colots. MO. 
Into what bio oily bodies divided, and how are they distinguished J Sfll. Give 
the composition of fats and oils. What Is Iha difl^renoe between them ! 962. 



d^vGoogle 



350 OEGANIC CHEMISTRY. 

tial properties. "What the Africans call palm oil, and know only 
aa a liqiiitl, we term palm tutter, because in. this country it is a 
solid. 

S62. Properties.— Tliese todies, when pure, ai'e clear, trans- 
parent, and either oolocless or slightly yellow. The peculiar odor 
some of them possess is owing to the presence of volatile a«ids ; 
thns butter contains bittprio aeid; goat's fat, hireic acid; and 
wbale oil, phocenic acid. They are ueually bland and mild to the 
taste, are greasy to the touch, and whea placed on paper, render 
it semi-transparent, leaving a permanent stain. They do not 
evaporate in the air, and are aU decomposed by the action of heat. 
Consisting almost entirely of cai'boa and hydrogen, they have, of 
course, a strong attraction for oxygen, and are therefore highly 
combustible. In consequence of their combustibility, and the 
large amount of liglit which they emit, they ai'e universally used 
aig a source of illumination. 

363. Constitatioii of Fatty Bodies. — The fats and oils were 
discovered by Cheveeol to consist of several proximate principles, 
knowa as stearin, marffarin, and okin, which are each capable of 
separating into an acid and a base. The \>ssq is the same in all, 
and is known as glyeerin. Stearin consists of glycerin, combined 
with stearic acid, OaoHao04- In margaJ-in, glycerin is united 
with marga/rie acid, O34 Ji^^ Oj, and in oiein, with oleic aeid, 
OsaHjiOi. Thus the oils must be regarded as having the con- 
Btitntion of salts. The consistence of fatty bodies is due to the 
relative proportions of these proximate principles. 

96d. O'lycerin, O^HijOo, so named from its swost taatc, is, 
when, pure, an inodorous, ti'anspaivnt, colorless sirup. It is 
readily soluble in water and alcohol, and b a powerful solvent 
and antiseptic Of lata years, it has been employed aa a medi- 
cine ; and, on account of its solvent power, it is also largely used 
as a vehicle for admidistering other mediciues. It is extensively 
employed in the manufacture of cosmetics and perfumery. Gly- 
cerin is non-volatile, and ivhen heated over 600°, is decomposed, 
and gives off a peculiar acrid substance tei-med acroleine. This is 
the body which causes the irritating fumes of a smouldering cau- 
dle wick and of burning fats, when the combustion is incomplete. 

BlatB tho propertlBS of ftils nnd fiietl oils. To what Ib Ihelr oaor dne ? What of 
tliQ\r pombusttbiHty f 983. How are fatty boaies couattlulcd! Towbat la Ibair 
conBlstonoBdue! 884. Olvo ffiB coinjjOBilion and properties of glycerfu, Itausaa. 
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965. Olein is that portion of oil wliich causes its fluidity ; 
hence it ia more abundant in. oils than in fats, and in the fat of 
Bwine, than in the harder tallow of the sheep or ox. It is es- 
presaed on a great scale from lard, for hurning in lamps, and for 
other uses. 

966. Stearin and Margarin.— Sieariii gires to certain fats and 
oila the opposite quaJity of solidity. It ia most abundant in tallow 
and suet, and is obtained by subjecting them to great pressure in 
flannel or hair baga, between hot iron plates, when the olein sepa- 
rates and flows away. The solid stearin thus procured is esten- 
sively used for the manufacture of stearin candles. Oils which 
are liquid at common temperatures contain but a small proportion 
of stearin, as may be shown by subjecting them to the action of 
snow or ice, when the stearin is deposited and the olein floats 
above. Ma/rgarin resembles stearin in its property of hardness ; 
it exists in human fat, butter, oliye oil, &c., and may he seen in 
the thick deposit made by olive oil when subjected to a low tem- 

§ II. The Drying Oils. 

967. The fixed oils are divided into two classes : the dnjing 
oils, or those which harden on exposure to the air, and the 
■unetupus oils, or those which remain soft and greasy when simi- 
larly exposed. The hardening of the oils is due to the absorption 
of oxygon. 

958. Xiiiiseed Oil is the most important of the drying oils, and 
is obtained by espression from the seeds of the flax plant, which 
yield it in the proportion of from 20 to 25 per cent, of their 
weight. The drying property, upon which its value depends, is 
greatly increased by boiling for some hours with litharge, the 
product being known as boiled oil, or drying oil. The change 
wrought consists in depriving the oil of certain gummy, mucila- 
ginous matters dissolved in it, which combine with the litharge, 
and are precipitated as a white sediment. Mised with various col- 
oring matters, chiefly metallio oxides, linseed oil forms paint, and 
it is also used in maiing varnish. If, after boiling for a time, 
linseed oil is ignited and allowed to burn for half on hour, it ac- 
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352 ORGANIC CHEMISTKY. 

quires a viscid, tenaoioua consiatenee, and, by tie addition of a 
due quantity of lamp black, forma printer's inh. 

969. Drying oils expressed from walnuts, poppy seeds, hemp 
seeds, cfec, are employed in the manufacture of paints and varnish. 
Croton oil is espressed from the seeds of a plant grown in India. 
It is a thick brown oil, and a powerful purgative. God liver oil is 
extracted from the liver of the codfish, and is largely used in 
medicine. It contains phosphorus, hromine, and iodine (each ia 
comhination with some organic substance), and also a small propor- 
tion of tie coualjtuents of tlie bile. Sperm oil, procured from the 
spermaoeti whale, has considerable drying properties, and is much 
used in illumination. 

970. Oa3tor Oil is obtainod from the seeds of the castor oil 
plant. Its principal use is in medicine, but it is also employed in 
the manufacture of printing ink, and in perfumery. It hardens 
after long exposure to the air, and thus forms a connecting link 
between the drying and unctuous oils. 

§ III. The IJnotuous Oils. 

S71. These remain soft and sticky when esposed to the air. 
This property renders them very valnable for diminishing the fric- 
tion of rubbing surfaces, aa the asles of carriages and other 
machinery, a purpose to which the drying oila are not adapted. 
For the same reason the nnctuous oils are worked into leather to 
maintain it in a soft and pliable conation. The unctuous oils and 
fata are liable to turn rancid on long exposure to the air ; that is, 
they absorb oxygen and generate acids which emit a disagreeable 
odor. This change appears to result principally ii-om minute 
quantities of nitrogenized organic tissues which remain diffused' 
through the fata. Theyarepurified bysulphuric aoid. Whenadded 
to oil, it first attacks its nitrogenized and other impurities, but if 
too much acid is used, the oil itself is decomposed. 

972. Olive Oil, or Smeet Oil ia obtained by pressure from the 
fleshy parts of the fruit of the olive tree. It contains 72 per cent, 
of olein and 28 of margarin, the latter of which congeals in cold 

the oonatituontBof eodlLTer oil? What of BptnnoiH 970. Of oastor olH 971. 
What property aietingniehes nnctnoua oils, and how are they naeai What Is 
Baldof thatrrauoidily? How are they pnriasa ) 872. Hinv ia olive OIL oblalnefl t 
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weather. As it is less apt to become viscid tlian most other oils 
by exposure to the air, it is preferred for greasing delicate ma- 
climery. In Southern Europe it is estensively used as a substitute 
for batter, 

973. Palm Oil is expressed from the fruit of the palm tree, 
and is of an orange-yellow color. It contains 70 per cent, of oleia 
and 30 per cent, of a peculiar fat reaembling margai'in, which is 
termed palmaUn. It is largely employed in the manufacture of 
soap and candles. The oil of meet almonds is mainly used in oint- 
ments, liniments, and soaps, Coha oil, or rape oil, is obtained 
from the seeds of a plant belonging to the cabbage family. It is 
estensively employed for illumination, and is also used for lubri- 
cating machinery, 

974. Train Oil, of Wltale Oil, is obtained from tlie fat of va- 
rious fishes, as the whale, dolphin, and the seal. It is of a yellow 
color, and not of a. disagreeable odor tinleas the flsh were putrid, 
or tlie oil expressed by a strong heat. It is used for illumination, 
to oil leather, in medicine, and in soap making. 

975. Spermaceti is a solid fat which is found in the head of the 
sperm whale in connection with sperm oil. Pure spermaceti is a 
beautifully white, crystalline substance, somewhat unctuous to the 
touch, and resembles white was in lustre and hardness. It is em- 
ployed for making candles, and in ptanuacy as an ingredient in 
ointments. In, this fat the ordinary base glycerin is replaced by 
another, termed ethaL 

976. Batter is the oily porlion. of milk, and is a mixture of several 
fats, the principal of which are margarin and butyrolein. Ehomeis 
found in 100 parts of butter 68 parts of margarin, and 80 of buty- 
rolein, the remainder being luPyrin, caproin, and caprylin, com- 
pounds of butyric, caproio, and oaprylio acids, with glycerin. The 
characteristio odor and flavor of butter are owingto the presence 
of these latter substances. 

977. Human Fat is soft, yellowish, and without odor. Its solid 
constituent is principally margarin, with a proportion of palmatin 
and olein. The bodies of persons that have been for years buried 
in churchyards are sometimes found to have been changed into a 
peculiar substance resembUng fat, and termed otiipoce!'^. It is also 
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formed when tte bodies of animals are exposed to I'linning water 
tiO the nrasciilar and membranous parts have been washed away. 
It baa been, shown that this substance is the original fat of the 
body, which has resisted decomposition, and is partly in the state 
of a .fattj acid, and partly saturated by ammonia, with traces of 
lime and magnesia. 

§ lY. YolatUe or Essential Oils, 

978. These differ in many particulars from the flsed oils. They 
readily volatjlize, and are usually possessed of a strong odor and 
hot, pungent taste. They make only a transient stain upon paper, 
do not form soaps, aud aro aU of yegetable origin. They dissolve 
in alcohol, ether, and acetic acids, and mis readily witli the fixed 
oils. Their solution in alcohol is teimed an. essence, hence the 
name essential oils. 
' 979. Preparation.— These oils are generally obtained by dis- 
tilling portions of the plant with water. The steam, as it passes 
over, can-ies with it the oil, although tlie boiling point of many of 
tJiem is higher than that of water. The water aod oil condense 
together, most of the oil floating upon the surface. A small pro- 
poi-fion, however, is retained ia solution by the distilled water 
whioh gives it the odor and taste of the essence. These solutions 
are termed 'perfumed watera,' as rose water, lavender water, &o. 
In some CMes the oil is obtained by espression directly from the 
cells which contain it, as from fresh orange and lemon peel. In 
other oases, where the oil is so delicate as to he destroyed hy dis- 
tillation, it is esti-aoted by placing the plant or flower between 
layers of cotton, or of woollen cloth, saturated with some fised 
oil. This gradually absorbs the volatile oil of the plant, aad a 
fragrant essence is prepared by digesting the cotton in alcohol. 
The speciflc gravity of these oils varies from 0.847 to 1.17. 

980, Composition of the Volatile Oils.— They generally con- 
tain two proximate principles, viz., Slea/ropten, the solid constit 
uent, and Elaopten, which has a liquid consistence. In reference 
to their ultimate composition they are usually divided into three 
classes: 1st, those composed of carbon and hydrogen only; 2 J, 

tbo compoBlHon of hutnsn fatl "Whot is aaipocere! B7S. How Ha Tolatilfl 
illfferfrom flsoa oife? Why are thoy bo nimort ! 979. How are they oblaln- 
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those composed of carbon, hydrogen, and oxygen; and 3d, those 
which contain sulphur and nitrogen in addition to the last namod. 

981. The first class includes fifteen or twenty bodies that are 
remarkable for their isomerism. Thus, the oils of turpentine, 
lemons, orangea, juniper, copaiba, citron, black pepper, and sev- 
eral others which have widely different properties, possess exactly 
the same composition — 100 parts of each containiug 88.34 of car- 
bon and 11.76 of hydrogen. 

982, Oil of Turpentine (Spirits of Turpentine) may he taten 
aa a type of this class of substances. It is obtained by distilling 
with water the pitchymatter that exudes from the pine tree. The 
portion remaining after distillation is common rosin. Oil of tur- 
pentine is a colorless, limpid fluid, having a strong odor and dis- 
agreeable taste. It boils at 320°, and has a specific gravity of 0.86. 
It is highly inflammable and when puritied is used for illuminating 
pnrposes, under the name of co/mphene. Burning fluid is rectified 
turpentine, or oamphene dissolyed in alcohol, which increases 
the proportion of hydrogen, and renders it less smoky when burned. 
Turpentineiaalso asedinvamishes as asolvent for resins and gams. 
Sydroclhlorate of eampTiene or aft^ial camphor is obtained by 
passing a current of dry chlorohydrio acid through oil of turpen- 
tine. It is a white, crystalline solid, closely resembling common 
camphor. 

933. The second class, or those oils containing oxygen, in- 
cludes among others, common camphor, the oil of bitter almonds, 
and the oils of cummin, cinnamon, anise seed, peppermint, roses, 
lavender, &c. 

984. Camphor is extracted by distilling the w<J0<] of the cam- 
phor tree (found in Japan and other parts of the East), with water, 
and collecting the vapors in a vessel containing rice straw. It 
condenses in the straw and is again sublimed, after which it is 
thrown into commerce ; but it requires subsequent purifications to 
fit it for use. Camphor is quite volatile and readily soluble in al- 
cohol, with which it forms a solution known aa ^irits of amipTtor. 
Taken in large doies it acts as a poison 

985, Bhck mustard seed, onions, horseradi'sh hops, &c,, yield 
oils containing sulphur and 1 olong to the third (.lass Many of 
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them are characterized l>y pungent, unpleasant odora, which are 
readily observable in the breath after eating substances containing 

§T. Heshious and Waxy Covvpounds. 

986. Some plants produce in oonBiderable quantities a suh- 
stauce resembling beeswax, wMch has the same chemical constit- 
uents aa the fats and oils. The glossy coating or varnish which is 
observed on the surface of leaves, fruit, and bark, rendering tbom 
impermeable to water, consists of vegetable icax. 

987. Beeswax, a secretion of the honey bee, is the most im- 
portant of these bodies. In its ordinary state it is yellow, but is 
bleached white by exposing it for some time in thin ribands to the 
joint action of air; light, and moisture. "Was is principally used 
in the manufacture of candles. 

d t t th 
d d f ra 



988 E sm ai 1 1 


dt b f m dbyth 


til Th J 


F d m t pi t 


manj tb m th f 


t m 1 d 


t f th t d w th p t t eea 


p t 1 


t b ttl 11 I 11 


i 11 1 h 1 tb 


d 1 tl 1 Th y 


d t tit ty ar 


h ghly mtl ra hi and 


m ky fl m Th y 


f 1 i t g 



Ey b w 
g i 

9 9 C mm Pin H —G loj h y—Eo — Th th 

residue left after the distillation of crude tnrpentiue, and constitutes 
from 73 to 90 per cent, of its weight. Common rosin consists of 
two isomeric acids, tbo eyhio and piaiie, which unite with bases to 
form salts, and with alkalies to produce soaps. An oil termed 
syhtc, or jMJn oil, is obtained from this variety by distUIfltion, It 
is used for illumiaa,ting porposes, and for lubricating machinery. 
Eosin is also employed tfl increase friction by rubbing it on the 
belts of machinery and various other surfaces, as it renders them 
rough and adhesive. 

990, Lac is a re'.inous substance of much importance, found 
as an exudation on the branches of various trees in tropical conn- 

of tbn tliird oIsbbI 988. Deaoribo vegetable -was. 987. 'Wist of beeawost 
B88. Wbat are resins, and where found! Their propertios 1 B8a. Whatisoom- 
mon roelE, ai5d of what does tl MnsisU Mention the naes of I'oglii oil and of 
rortn) BBaWhatialae.aQdhowformed) What iB et lot lao ) Boedlao? Ufiea) 
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tries. The bark is pnnctured by an insect, tiins opening a passage 
for the juice Trhiclj, as it flows out, liardens over tlie insects^ The 
twigs, when removed in thia condition, constitute the sMeh lac of 
conunerce. The resinons mass, Tvten digested in a solution of 
carbonate of soda, yields a red ooloring matter contained in the 
insects. This is largely used as a dye in the place of cochineal. 
The portion insoluble in the carbonate of soda is called seed lae, 
and this, when melted and purified, is shell lae. Lao is exten- 
sively consumed in the nianufaotare of varnishes and sealing wax, 
and also as a stiffening for hats. Guaiacum is a rcain of a dark, 
greenish-brown color, and is the product of the lignnm vitie ti-ee. 
It is used medicinally. 

991. Gam Resuts are the solificd milky exudations of plants. 
They consist of resm, essectial oils, and a gummy substance pecu- 
liar to the plant. They are soluble in rectified alcohol, and form 
a class of valuable medicinal agents. Anrnoniacwm, assafmtida, 
aloes, myrrh, gamboge, &c,, belong to this class. 

992. Balsams.— This name ia given to the flaid compounds of 
resin and essential oil that esude from trees and shrubs. Among 
the moat important are turpentine, halsam copaiia, iaUam tolv, 
and gumieniotn. From. the latter ia obtained benzoic acid. 

993. Amber is a fossil substance, sometimes occurring in 
beda of coal, but naually found on the shores of the Baltic Sea, 
where it is washed up hy the waves dnring long storms. It is a 
mixture of several resinous substances, and often incloses insects 
in a state of beautiful preservation; hence it is supposed to bo a 
solidified resin. It ia a yellowish; translucent body, somewhat 
heavier than water, and has the property of becoming elccti'ic by 
friction. Being quite hard and susceptible of a fine poliah, it ia 
uaed for making ornaments. 

994. VarniaheB are solutions of various resins in alcohol, the 
essential oila, or the drying oils, and we employed to give lustre 
and hardness to exposed surfaces. When alcohol is the solvent, 
the product ia asjsmi varnish; when oil is used, an oil varrmh. 
The reains principally used in tlie manufacture of varnish are mas- 
tic, aandai'ac, copal, lac, &c. 

595. BlasUc Orxaaa—OaoutchowJ or India Rubber. — This is 
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the product of aaveral ti-opioal trees, from wliicli it exudes as a 
yellowisli, milky liquid, in whioli the small caoutchonc globules are 
meohaDically suspended. The juiee ia spread out in films, when it 
rapidly dries away, leaving the caoutohouo as a thin, elastic layer 
of a brownish-yellow color. Or, the juice ia coUeotod iu^essela 
and poured ia auoeessive layers over moulds, on which it is dried 
by artificial heat, Pare caoutchouc is nearly wHte, the ordinary 
hlack color of the gum beiug due to the smoke ivhioh arises from 
tho fire during the drying process. The solvents of caoutchouc 
are puro ether, chloroform, bisulphide of carbon, coal naphtha, 
and rectified oil of turpentijie. It melts at about 2B0°, but on 
cooling does not return to its solid state. Caoutchouc coutracta 
on being heated, thus forming one of the exceptions to the gen- 
eral law of expansion by heat (251), 

956. Vuloanizsd India. Bubber is foi*med by charging caout- 
chouc with two or three per cent, of sulphur. The operation in- 
creases its elasticity, and also its capacity for retaining it both at 
high and low temperatures. It moreover iuoi'eases its insolubility, 
and fits ttor athou^andappl e tions in the arts for which ordinary 
caoutch no would be uns t^ble. The addition of magnesia and 
some h tun nous mtter to vulcanized rubber, gives it a high de- 
Ires of hardoess, and renders it susceptible 
F 2 ot fine polish, but in a great measure de- 

btroys its elasticity. In this state it b 
la gely used in the manufacture of combs, 
Ln te 1 andles, and various ornamental ar- 
t c!es Caoutchouc, from the cohesiveness 
of ts freshly cut e^ea, ita elasticity, 
1 1 incy and power of resisting most chem- 
cal agents, is of great use in the laboratory. 
It a [ eco of sheet mhber be wrapped over 
a glass rod, Fig. 2T5, on pressing together 
IS with a gentle heat, they wiU unite, forming a 
n being tightly tied over two glass tubes, will 
jrve to connect them together gas-tight. 
997. Outta Percha is a substance resembling caoutchouc, and 




its freshly cut e^ 
flexible tube wbioh, c 
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obtaUieii from plants iathoaame form of milky exudation. Under 
ordinary oircumstancea it is a tough, tsJ^, unelflstio body, insolu- 
ble in water or alcoKol, but soluble in ohlopoform, bisulphide of 
carbon, turpentine, and most of the essential oils. Immersed in 
■warm water, it becomes soft and plastic, and admits of being 
moulded in any doaired form, retaining its shape on being cooled. 
In consequence of this property it is used in taking casta and impres- 
sions, copying the finest lines with fidelity. It is also readily welded 
while in this wasy condition. It is of a pale brown color, is an 
insulator of electricity, and becomes negatively electric by friction. 

§ YL AcHon of Alkalies v/pon Oils — Soa^. 

998. Saponification,— It was stated that the oils and fats are 
saline bodies, consisting of fatty acids combined with a common 
base, glycerin. When other bases, as potash, soda or ammonia, 
are made to act upon the fatty substances, they expel tbe glycerin 
and take its place, uniting with the acids andforming soap. Soaps 
are therefore regular salts; comhmations of margaric stearic and 
oleic acids witli potash, soda, ammonia or 1 ne The change 1 y 
which thoy are produced is called saponJU t n 

999. ProoesB of Soap Making.— The alkalies gene ally used 
for soap making are potash and soda, Tl ey rcqu re to be tn a 
caustic state, wbich is produced by di!^3olylng them and passing 
the solution (lye) through newly slacked 1 me ivh ch takes away 
the" carbonio acid. In this caustic lye, the fats are boiled, tlieir 
glycerin set free, and the soap formed in a state of solntion in the 
water. To obtain it in a solid form the solution is boiled down till 
the soap ceases to be soluble and rises to the surface, when it is 
drawn off into moulds. Soda soap may be separated from the wa- 
ter in which it is dissolved by adding common salt, which forms 
a brine and at once coagulates the soap ; if potash lye is used, the 
addition of salt decomposes the potash soap, forming a soda soap, 
and chloride of potassinm. 

1000. Hard and Soft Soaps. — The consistence of soap depends 
chiefly upon its alkali. Hard soaps are made of soda, or a mix- 
ture of soda and potash, while in soft soaps potash alone is used, 
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the latter alkali being deliquesoent and conEequently attracting 
water, wliicli renders the soap liquid. The consiBtence of the oil 
or fat also influences the quality of hardness. Those containing a 
large proportion of stearin and margarin, like tallow, form hard 
soaps, while those in wliich oleia predominates, OS the soft fats and 
oEs, produce soft soap. The glycerin, which m retaiped in soft 
soap also adds to its fluidity, 

1001. Caatils Soap is composed of olivo oil and soda, its 
mottled appearance being due to the oxide of iron, with which it 
is colored. Soap made with cocoannt oil taa tlie property of dia- 
aolving in salt water, and is therefore used at sea. 

1002 Properties —Soap has a powe fnl affinity fo ■ water and 
may retain from 50 t 60 per cent of it jnd ?till c nt ane solid ; 
hoace dealers ge erally Leej it n damp places wh re t wiU ab- 
sorb mo sture It IS soluble in Iresh water b t w th the excep- 
tion of cocoa soap i msolublo m sslt witor Poap dissolved in 
spir ts ot campho forms 02 ■d Ido Vol I le h ent is an am- 
moniacal soap 

1003 Mode in. ivhich Soap acts in Cleansing — As water, 
having I o a&nitj f r ily s Ist n e w II not d i olvo thorn, of 
course it cannot alune r mu'ie them trom surla es to "wh oh they 
may adhere. The oily matters which are constantly exudmg from 
tho glands of the skin, uniting with ths outer duSt, form a film 
over the body. The alkali of the soap acts upon the oU during 
ablution, partially saponifies it, and renders the unotuons componnd 
freely misoible with water, so as to be easily removed. The cuti- 
cle or outer layer of the skin, is chiefly composed of albuiueu, 
which is soluble in the alkalies. The alkali of the soap, therefore, 
dissolves offa portion of the cuticle with the dirt; every washing 
with soap thus removing the old face of the scai'f-skia and leaving 
a new one in its place. The action of soap in cleansing textile 
fabrics is of a similar nature. Alkalies not only act upon greasy 
matter, but as is well known, dissolve all organic substances. In 
the case of soap, however, the solvent power of the alkali is in 
part neutrdized, thns preserving both the texture and color of the 
fabric exposed to its action. The oily nature of the soap also in- 
creases tlio pliancy of the articles with which it is washed. 

1002. What ofBoap In relation to water? "Wiit ia opedlLdoc! Volatile liniment 3 
lOOK. Howdoea eoBp act id oleanelnB? Esplain it 
te«Uoabrio8. lOOi. Wlialofwasliingfluids} Otca 
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1004. Solutions of the alkalies under the name of inashAng 
Jluida are often used in. cloanaiug textile fabrics. Tiej act by 
precipitating wliatever earthy salts the water may contain, there- 
by rendering it soft, and supplying an excess of alkali, 0am- 
phene, which has the property of dissolving oily substanoea 
without injuring the fabric, is sometimes employed ai 
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ORflANIC ACIDS, BASES, J 



PEINCIPLES. 



§ I. VegetaUe Acids. 

1005. These substances are numerous in the vegetable king- 
dom, occurring abundantly in fruits, and often in the leaves, bark, 
and roots of plants. They esist in a 

free state, and combined with bai 
forming acid and central salts, both 
soluble and insoluble. They sometimes 
accumulate in the cells of plants in the 
form of crystals, of which Fig. 376 is an 
example from the cells of an onion. 

1006. They usually consist of car- 
bon, hydrogen, and oxygen, the latter 
element being greatly in excess. Oi- 
alic acid, however, contains only carbon 

and osygen, and in acetic acid the hydrogen and oxygen are in 
the proportion to form water. Some of these acids have been de- 
scribed in connection with groups to which they naturally belong, 
while the mode of their production is treated in Physiological 
Chemistry. "We shall consider here a few others of the most im- 
portant. 

1007. TartailQ Acid, C3H50io,-2HO.— This acid is fonnd 
abandantly in grapes, and is also present in the tamarind, the 
unripe berries of the mountain ash, and in small quantity in other 
plants. It exists in grape juice as bitartrate of potash (fiream of 
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tartar), and is gradually deposited in the form of a hard crust on. 
the sides of vessels in which, wine is kept. From this hitartrate, 
it is ohtained hj the action of chalk and sulphuric tuiid. Its crys- 
tals, when pure, are colorless, transparent, permanent in the air, 
and dissolve readily in water or alcohol. It is extensiyely used 
hy the calico printer and dyer for the removal of mordants. 
Mixed witli hicarbonatea of the alialies, it forms the soda pow- 
ders of the effervescing draughts. 

1008. Rochelle Bait is atartrate of potash and soda, produced 
by saturaticg a solution of cream of tartar with soda. Tartar 
emetio, or tartrate of antimony and potash, long used medicinally, 
is a violent emefio and cathartic poison, 

1009. Citric Acid, 0,aHjO,„8HO, is found principally in 
fniita of the orange family (AwaitUacis), but is of frequent ooonr- 
rence in goosebemea, currants, and other aoid fruits. It may be 
readily procured from the juice of the lemon by the aid of chalk 
and sulphuric acid. It has a pleasant aoid taste, is very soluble 
in water, and is used in medicine, calico printing, and for effer- 
vescing draughts. 

1010. Malic Acid, OJ-IjOg, 2H0, is the principal acid of nn- 
ripe apples, hence its name from mains, apple. It is found abun- 
dantly in most acid fruits, and in the stalks of rhubarb, but is 
usually obtained from the unripe berries of the mountain ash. It 
is a colorless solid, dissolves readily in waj^er and alcohol, and 
crystallizes with difBculty. The solutions of all the acids named 
have an agreeable acid taste, hut become mouldy if long kept, and 
gradually nndergo decomposition. 

1011.. Oxalic Acid, OjOj.HO.— This suhstance imparts the 
acid taste to common sorrel and the rhubarb plant, in which it 
exists as binoaalate of potash. In the barilla plant it is found as 
oxalate of soda, and in many Hchens as oxalate of lime. It is 
commonly prepared by the osidation of sugar or starch with 
nitrio acid ■ 1 part of sugar is dissolved in 8 parts of nitric acid, 
and gently heated, when intense action ensues, with a copious 
disengagement of nitrous acid fumes. The crystals obtained are 
intensely sour and poisonous, and resemble Epsom salts, for 
which they ore sometimes mistaken. In cases of poisoning with 

tainea? fitalo 11a appearanoo and nsas, looa. What ia Koohelle aaltt Tartar 
tmetic * low Give the origin and pcepertles of citric add. 1010. Of malic. 
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it, challc or magnesia, suspended in water, is tlie proper anti- 

1012. Osalic aoid ia largely used in calico printing, and it ia 
alao employed as a, delicate test for the presence of lime, nitli 
■which it forms an insoluble salt. It romo^es ink and iron stains 
from linen by forming a soluble oxalate of iron, hat the acid is so cor- 
rosive as to iiy ure tbe fibre if not immediately removed by washing. 

1013. Tannic Acid, OsjHajOaj.— There are several distinct 
compounds known under the name tannin, which resemble each 
other ia character and possess an acid reaction. They are found 
estensively diffused throughout the vegetable kingdom, and are all 
distinguished by an astringent taste. The bark and leaves of most 
forest trees, as well as of many fruit trees, contain a large quan- 
tity of tannin, and it is also found in various roots, shrubs, and 
seeds. Tannin is the astringent principle of tea and coffee. 

1014. Themost important of these compounda is that obtained 
from gall nuts — the gallotannic aeid. It has an intensely astrin- 
gent taste, reddens litmus paper, and is veiy soluble in water. 
Tannic aeid combines with the salts of the peroxide of iroii, form- 
ing a blue-black precipitate used for coloring, and also in the man- 
ufacture of writing ink. The gradual darkening of pale watery 
ink is due to the oxidation of the iron it contains. Tannin forma 
insoiable compounds .with starch, gelatin, and other organic bodies, 
the most remarkable being that with gelatin, which is the basis of 
leather. 

1015. OalUo Acid ia found associated with tannin in the gall 
nut, samsLob, and other vegetable bodies, and is formed from tan- 
nic acid by exposing a solution of it for some time to the air. It 
crystallizes in silky needles, is freely soluble in boiling water, and 
does not precipitate gelatin. On applying a regulated sand heat, 
gallic aeid is decomposed and pyrogallie aeid obtained. This 
acid is extensively used in photography. Both pyrogallic and 
gallio acids decompose the salts of silver, gold, and platinum; a 
property which is utilized in coloring human lair. The hair is 
first wet with a solution of gallio acid, and after drying, is moist- 
ened with an ammoniacal solution of a salt of silvor. The salt is 

WhatofitaoryBtalBanatlieanttaotel 1013, What ie eaiaofiteueeBt 1013, Where 
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decompoaed and the liberated niotal dyes the hair of a fine and 
permanent black or brown. 

1016. There ara many other vegetable acids yet imperfeotly 
known, and many more ttie residts of natural and artificial decora- 
position; hut they are not of sufBoient importance to ho here 
noticed, 

§ II. The Organic Bases. 

1017. The Vegetable Alkaloida or Organic Eases are an im- 
portant nataral group of substances, chiefly formed in vegetables 
and giving to them their active properties. They are always found 
in the form of salts, and usually in combination with aa organic 
acid, Nitrogen is an invariable element of the alkaloids, but some 
of them contain no oxygen. Those destitute of oxygen are oily, 
volatile bodies obtained by distillation, and as they absorb osygMi 
rapidly from the air, they are produced in a oarrent of hydrogen, 
or carbonic acid. Those which contain oxygen are prepared by 
dissolving the vegetable matter in dilute chlorohydrio or sulphuric 
acid, which forms a soluble salt with the alkaloid. To the filtered 
solution a stronger base is added — snch as lime, ammonia, or mag- 
nesia, which produces a copious precipitation of the alkaloid. 

1018. Properties.— These bodies dissolve sparingly in water, 
hut freely in boiling alcohol, are intensely bitter, end usually re- 
store the reddened color of litmus. They are the most powerful 
medicines and poisons known, Gallotannic acid precipitates most 
of the organic bases, forming insoluble compounds, hence it is an 
excellent antidote to them when they have been taken m poison- 
ous doses, TVe shall notice only the more importTnt alkaloids 
found in vegetable substances. 

1019. Qnlnia, Q^^Jl^^'S^Oi-^Qkti.—Quim.iw is extracted 
from pulverized Peruvian bark by acidulated witer It is a white, 
crystalline substance, which unites with aoids, producing intensely 
hitter salts. The sulphate of quinine, which forms light, bulky 
crystals, is the salt employed in medicine. It dissolves sparingly 
in water, but freely in dilute sulphuric acid and alcohol. Ciiidho- 
mne is an analogous alkaloid from the same source. 

are Ihoy used 1 Ho-w do they color the hair 1 1011. "Wliat ja aaid of tho orsonio 
baacat Wlintot Ibiiae deetimie of oaygen) How are thoso contiilnlng osygon 
prepared? 1018. Mention the propertloa of Iheae fctxlien. What ia tLe effect 
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1020. NiootinB, OioHitT,, a volatile alialoid, is the active 
prinBiple of the tobacco plant. It is a colorless, inflammable, oily 
liquid, witii a powerful and irritating odor of tobacco. It ia 
contained in the smolie of the burning leaves and ia exceedingly 
poisonous, a single drop being BufEoient to kill a large dog. 

1021. Morphia, G^ ^11,^^0^ +2 Aq.— Morphine is the active 
principle of opium, which ia the hardened, milky juice of the 
poppy.' Opium is a very complex body, containing no less than 
seven organic bases and several other well-deflned pnnciples. 
Morphine (from Morpheua, in consequence of it? sleep-inducing 
property) ia a crystaliiEable, resin-like body, if ithout odor, aad 
possessing a bitter, disagreeable taste. It ia a powerful narcotic 
and poison, largely used in medicine. 

1022. Strychnia, O^jH.jN^O^.-Sfrj'eSn/na is chiefly ob- 
tained from the beana of the stryehnoa nvx 'DOmiea, a small East 
Indian tree, bat is found in several other plants belonging to tliat 
tribe. Cold water diaaokes only ^lyVn of its weight of strychnine, 
but it ia soluble in essential oils aad chloroform. Such is its in- 
tense bitterness that it imparts it perceptibly to T00,000 times its 
weight of water. It ia a deadly poison, ,'„ of a grain killing a dog 
in 30 seconds. It takes effect upon the aerve centres of the spinal 
axis, producing fearful convulsions. The terrible vsoorara poison, 
with which the South American natives poison their arrows, and 
which has been lately used as a remedy for tetanus, is a variety of 
sti-ychnine. So also is the poison of the upas tree of Java- 
Brvcia is an alkaloid closely allied to strychnine and obtaiaod 
from the same genus of plants. 

1023. Oommott lettace has eiight narcotic properties, which 
are due to an altaloid, lactucine. In the same way cordains is ex- 
tracted from theliemlock; aeomt'me, oi aconite, from the monk's 
liood; solcmine from potato sprouts; piperme from black pepper, 
and Emetine from ipecacuanha. 

1024. Oaffeine o* Theina, OiaH,„H'405-H2 Aq.— The active 
principle of coffee, caffeine, and of tea, theine, as also of the mate 
or Paraguay tea, are identical in composition. It ia interesting 
to observe that the plants which have been selected to furnish 
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iafuHloiis for the daily beverage of three fourths of the human race 
ehoTild contain one and the same nitrogenized principle. Theo- 
iromine, the active constituent of chocolate, is also nearly allied to 
caffeine. OoBee seldom, contains more than one per cent, of the 
principle, while tea furnishes three or four. Caffeine crystallizes 
in long, flexible, silky needles, has a slightly bitter taste, and dis- 
soItcs sparingly in cold water, but freely in hot water. 

1025. Tea oonaiata of four principal constituents. Mrat, a 
yellow volatile oil, which prodnces its peculiar aromatic odor and 
flavor. It does not esist in the natural leaves, hat is produced by 
the roasting process to which they are suhjected. Tea yields but 
1 per cent, of this oil. Seeond, theine. TMrd, tannic acid, which 
forms from 13 to 18 per cent, of its weight, and gives to tea its 
astringent pi'opcrties. i'&MriA, tea leaves contain some 16 per cent, 
of an insoluble, glutinous substance, which is lost with the 'grounds.' 

1026. The varieties of tea are numerous, depending npon soil, 
climate, time of pioldng the leaves, and the modes of their prepara- 
tion. Green tea is prepared from the young leaves, which are 
roasted and withered almost immediately after they have been 
gathered. They are then rolled in the hand, by which they ac- 
quire their twisted appearance, and quickly dried, sifted, and win- 
nowed ; the whole operation being brief and simple. Black tea, 
on the contrary, upon being gathered, is exposed to the air for ten 
or twelve hours. It is then roasted, a large quantity of liquid ex- 
pressed from it, and after several alternate rollings, roastings, and 
exposures to the air, it is slowly dried over a charcoal fire. The 
dark color of black teas is mainly owing to the action of oxygen 
upon tte juices during the long exposure gf the leaves. 

1027. Constituents of CoSae. — Besides its caffeine, the coffee 
berries contain a considerable proportion of gluten, 5 per cent, of 
eaffeic acM, and 14 or 15 per cent, of a fised oil. An aromatic 
flavoring oil is developed during roasting, but according to PiTEK 
it does not exceed the j^Vir P"*'' "^^ ^^^ weight of coffee. 

§ni. Orgamc Coloring P'rincvples. 

1028. As a class, vegetable coloring matters do not possess 
many chemical characters in common, and are associated together 
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na, wiicb not only fasten the eoloi'S, bnt so change them that one 
dye stuff gives different colors witb different mordants. The tes- 
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tile fibres consist of hollow tubes, Figs. 3T7 and 278, whicli the 
mordant is supposed to enter, filling tbem like Inng^ and thus 
faoilitating the chemical action. 

1031. Oallco Printing. — In this Operation the bleached and pre- 
pared goods are printed with the -mordantshy patterns upon blocks 
or cylinders. As the doth is subsequently passed tlirough the dye, 
the coloring matter is fixed upon those parts where the mordant 
was applied. "When the fabric ia afterward washed, the color 
disappears from the other portions ot the goods, and the printed 
figure appears. 

1032. Blue Coloring Matters. — Indigo is obtained from the 
juices of a large number of East India and Amenoan plants, the prin- 
cipal of which belongto th^geixaatiidigofeja. This juice is color- 
less, but when exposed to the air it absorbs oxygen, and deposits a 
blue sediment which, in the form of a powder or cakes, is known as 
commercial indigo. It is nearly insoluble ia all liquids except sul- 
phuric acid, with which it combines, forming salpMndigoiie aaid. 
When deoxidized, indigo becomes colorless and soluble in water, 
but on exposure to the air it again absorbs oxygen, and acquires 
insolubility and its deep blue color. Fabrics may therefore be 
steeped ina solution of colorless indigo, and on exposure to the air 
acquire a bright and permanent blue tint. If goods are. boiled in 
sulphindigotio acid, a still brighter color {Smon ilw) is produced, 

1033. Litmus is obtwned from several species of lichens, 
which are destitute of color. The product is at first pui-ple, or 
red, but is changed to blue by the action of the ammoniausedin 
its preparation. 

1034. Bed Coloring: INIaiteia.— Madder.— The roots of the 
madder plant, ground tti powder, furnish this valuable dye stuff. 
It is at first yellow, but reddens by exposure to air and ab- 
sorption of oxygen. In addition to red, madder furnishes purple, 
yellow, orange, and brown. Sraeil leood, and sandal wood pro- 
duce red coloring matters, and the flowers of the red saffl'on yield 
safflowEf. CMinine is contained in a species of Mexican cactus, and 
is obtained fi'om the cochineal, an insect which feeds upon that 
plant. It affords a brilliant red and purple dye. 

1035. Yellow Oolorjjig Matters.— Among the principal of 
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these are querdbron, from the bart of the black oak ; fusUc, from 
the wood of the West Indian mulberry, and vseld, from the reseda 
lutecla. Annotto, used in dyeing nankeen, and also to color butter 
and cheese, is estraoted from certain seeds grown in South 
America. Tmmeric is obtained from the roots of an East Indian 

1036 Chlorophyll (Leaf green) js the Bibstaiice to whiuh 
the vefjKtable world owes it^ uniform Kieen colcr It ja of a 
resinous nature soluble m alcohol and acid' but m^oluble m 
water. Fig 2^B shows the ^__ ^^ 

gi-ains of ohlorophjU and 
needle-like crytola mthe cells 
of ft leaf It exi'sta only i 
minute juaitity m plints the j -,. _. 
leayraof alargetree aoooidmg V j^"*^ 
to Bbezbliob containing ] er 
hapsnctm rethinlOOgrims 
This substance appears to be a direct product of the action of the 
sunbeam upon vegetation, as it is never seen except in those parts 
exposed to the light. Plants removed from a dark cellar into 
the sunlight turn rapidly of d green color, and every one may 
hate remarked la spriug how quickly, after a few days of cloudy 
weather, the unfolding vegetation is changed to a deep green by 
the rays of the sun. The change from green to red and yellow in 
the autumn leaves, is supposed to be owbg to the osidatton of 
their chlorophyll. 

1037. Extractive Matter. — This term has been applied to nu- 
merous substances, chiefly vegetable, extracted by chemists, which 
have not yet been accnrately examined. The number of known 
plants exceeds a hundred thousand, and each possesses peonliar 
principles in small quantity to which its flavor and medicinal 
properties are due. Of this vast nnmber, but few comparatively 
have been stndied by chemists, who designate whatever of this kind 
that is miknown as extractive matter. 

IsohlorophyU! Wbj- ie it Uionght lo 
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OHAPTEK XXII. 

HITKOGENOUS COMFOtfETDS-THBIE CHANGES AND EFFECTS. 

§ I. The Alhwminous Compounds. 

1038. Tlie substances now to be noticed differ in very im- 
portant respects from those hitherto conaidered. They have more 
elements; they contain nitrogen in higher proportiong, tave a 
larger number of atoms, aud are therefore more complex and 
prone to change. They do not crystallize, and are highly organ- 
ized. Though originating in the vegetable kingdom, they furnish 
the basis of the structurea of all animal systems. The group 
comprises albumen, fibrin, casein, and their several modifications, 
and is hence called the albuTninovs or albuminoid group. 

1039. Albumeii, — We are most famiiiar with this body in the 
form of whiteof egg^ aglairy, insipid fluid, which coagulates by heat, 
producing a white solid ; hence its name, from albtta, white. Albumen 
forms about 7 per cent, of the blood, and is found in variable pro- 
portions in all the secretions of the body. It also exists dissolved in 
the juices of plants, or dried in their seeds. "When tie water which 
has been used to wash starch from wheat flonr or scraped potatoes, 
is allowed to stand until it becomes clear, and is then boiled, it 
BSBumes a turbid appearance, and deposits a flaky-white substance, 
which has the same character as white of egg, and is known as 

k albumen. "When dried it forms a brittle, yellow, gnmmy 
i, which dissolves in cold water; bnt when coagulated it will 
not dissolve in water, either cold or hot. The change of coagular 
lion does not alter its composition. The temperature at which it 
takes place varies ; a strong solution of albumen in water becomes 
completely insoluble at 145°, and separates in flakes at 167°. 
The more it is diluted with water, the higher the temperature of 

1040. Chemical Properties. — Albumen consists of carbon, 
oxygen, hydrogen, and nitrogen — some 16 per cent, of the latter — 
and a small but definite proportion of sulphur and phosphorus. 

Blgnify! 1038. Horn do tie nilrogenous componnds differ ftum those tltherlo 
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if3 esaot composition, however, ia not detarmineii. It is coagu- 
lated by mmj substances, as filoohol, strong acids, creosote, and 
corrosive sublimate ; therefore, in poisoning by tliese bodies, if the 
white of eggs be promptly swallowed, it seizes apon the noxious 
compounds and protects the stomach. Albumen, like water, seems 
capable of combining with both acids and bases. Alkalies render 
it soluble. White of egg and hlood are both ali^tly aJkaUne, from 
the presence of soda; the albumen being supposed to exist as al- 
htininate of suda. It forms also definite componndswith the acids. 
Vitellin is the albumen of the yolk of eggs. 

1041, Fibrin is the name given to the s 
the basis or _^bre of mnscular tissue It 
shown in Fig. 380, the parallel 
fibres having wrinkles or cro s 
markings. If a piece of lean 
beef be long washed in clean i 
water, its red color, which is 
due to blood, gradually disap 
pears, and a mass of white, £ 
brous tissue remains wMoh is „^ ,, ,^ , 
known as antmalfihnn. Like 

albumen, it is capable of esisting in two states ; the soluble and 
the insoluble. In its soluble form it is a constituent of blood, 
forming in the healthy state about 2 parts in 1000 parte of that 
liquid. The clotting of blood, when freshly drawn, is due to the 
coagulation of its fibrin, which solidifies into a network of fibres. 
Dilute solutions of potash and soda dissolve fibrin, as they do al- 
bumen. 

1042. Gluten — YegefaNe Fibrm. — When wheat flourismade 
into a dough and then kneaded on a sieve or piece of muslin under 
a stream of water, its starch is washed away and tliere remains a 
gray, tough, elastic substance, almost resembling animal skin in 
appearance. When dried it has a glue-like aspect, and is there- 
fore oalled gluten. The crude gluten thus prepared, when freed 
from oil, albumen, &c., proves to be identical in composition with 
animal fi.brin, and is hence ^ismBiivegetahle fibrin. Like muscle 
fibrin, it is soluble in very dilute chlorohydric acid. 
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1043. O^eia is an essential constituent of milk, existing in it 
to the extent of about 3 per cent., and forming its ourd, or cheesy 
principle. Its solnblo form in milii is due to a small portion of 
free alkali, and when this is neutralized hj an acid, the casein is 
precipitated, or the milk curdles. By nentralizing the acid, the 
casein is re-diasolTed. The Tt'ater in which flour has beea washed 
contains a small portion of a substance, which is coagulated by 
acids; it resembles the curd of milk, and is called vegetable caaem. 
It is found in large proportion in peas and beans. The Chinese 
mate a cheese from peas which gradually aoipiu'es the smell and 
taste of milk cheese, 

1044. Cbemioal Composition.— There is a remarkable identity 
in composition among the members of this group. The analysis 
of albamen from the hoa's egg gives carbon 53.5, hydrogen. 7, 
nitrogen 1B.6, osygen 23, sulphar 1.6, phosphorus 0.4; and, with 
sliglit variations in the proportions of sulphur and phosphorus, 
this may represent the composition of the whole group. Lieeig 
^res the following formula as the best approsimation yet obtain- 
ed toward their composition: 

Albumen of blood, ) 

Albumen of flasb, !■ C„e H,., O^b W„ Si 

Fibrin of flesh, ) 

Albumen of agga, O,,, H„j 0^ Njr S, 

Casern, Cssi ^-ae 0(„ Nj, Su 

Pibriu of blood, C™ Hta 0,^ N„ Sj 

An important fact concerning these compounds is that they 
are physiologically isomeric — are convertible into eaok other in 
the animal system. 

1045. Protein, — "When these albuminoids are dissolved in a 
solution of potash or soda by a gentle heat, if an acid be added, a 
grayish precipitate is formed, which is attended with the libera- 
tion of sulphur and phosphorus iu the form of sulphuretted hy- 
drogen and phosphoric acid. McLnBU calls this substance protein, 
and he and many other chemists regard it as the radicle or base 
of the whole group. They hold it to contain neither snlphnr nor 
phosphorus, and suppose the different albuminous bodies to be 
formed by combinations of protein with these elements and osjgen. 
LiBnia and his adherents deny that any such radicle has ever been 
freed from sulphur, and reject the doctrine of protein altogether. 
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1046. These substances will be noticed in thoir physiological 
relations when wa consider the subject of animal nntrition. The 
remai'kable adyanoe in organic chemistry of late years has brought 
them foi-ward into new relations, and they hare received many 
names. They are called protein eompownM, nitrogenous aliment- 
ary principles, and as one of the names of nitrogen is a^te, they 
are termed aaotinei substances. As they form the materials from 
which the body is nonrished and built up, Libbir named them the 
ploiiic elements ofnutrition; they are also known asjissh-forming 
and lilood-producing compounds, 

§11. 

1047. A leading characteristic of the foregoii^ substances is, 
as we have stated, their instability. This is due, j?rs(, to the 
presence in large proportion of the flcile element nitvogen ; sec- 
ond, to the large number of elements combined together, and the 
resulting complesity of the attractions; and third, to the great 
number of atoms associated, or the massiveness of the molecules. 
When in a moist state, and exposed to atmospheric osygen, the 
tottering equiUbrinm of the chemical fabric is overturned, and out 
of its ruins a new class of substances is produced. It is well 
known that flesh, blood, milk, dough, &o., all of which are rich 
in nitrogenous substances, will preserve their properties in tlie air 
only a short time, and pass into a state of decomposition, giv- 
ing forth offensive exhalations. This change is called putrefae- 
tion, and when flnce commenced, it rapidly spreads through the 
mass, coramunioating itself to all putriflable substances with which 
it is brought in contact, 

1048. Fropagatioa of the Hfieots. — As a spai'Ic may kindle a 
conflagration that shall consume a city, so the minutest amount of 
putrescent matter is sufficient to affect an indefinite qnantity of 
changeable substance. The remarknble communicability of these 
effects and their potency of action are painfully illustrated by phy- 
sicians, who sometimes wound themselves while dissecting. The 
small trace of decomposing matter from the dead body which 
clings to the dissecting knife is sufBcient to establish a rapid de- 

1Q45. GiTB the origin of protein. How la ii ooiiBiaared by different Dicmlslsl 
ertyofthesBBUbstanceflt To whatisil diiu? Wbaty pulrefaclioa! lOifl.Wbat 
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oompoaitioii in the living system, whiuli, in many cases, quioHy 
terminates in death. Another case in point ia the communication 
of tte virus of smaljpos, wbiofi, ■whan introduced into the blood, 
reproduces its peculiar putrefaction throughout the system. 

1049. Products.— The chief products of putrefiwtion are hy- 
drogen, nitrogen, carbonic acid, ammonia, . cai'buretted, sulphu- 
retted, and phoaphuretted hydrogens, and acetic, nitric, and 
butyric acids. Oiler compounds also arise with the varying con- 
ditiona. The gaseous combinations of snlphnr and phosphorus 
are the chief causes of the offensive odor of putrefying bodies. 
In addition to these well-determined pvodnote, putrefaction gives 
rise to another class less tangible, hut more banefnl. The fonl 
accumulations of neglected towns, and tiie deoomposing organic 
matter of many swampy districts, give off iuTisible emanations 
known as miasms and malariO', which fill the air, and when in- 
haled, often occasion fatal fevers and epidemics. Of their compo- 
sition, nature, or mode of action, nearly nothing is known. 

1060. Prevention of Putrefaction. — As the jfresenoe of moist- 
nre, a favoring temperature, and access of air are esaential con- 
ditions of putrefaction, if any of them are withdrawn, the effect 
is prevented. It is well known that the most perishable organic 
substances, both vegetable and animal, may be indefinitely pre- 
served by drying. Cold checks decomposition, and it b entirely 
arrested by freezing. So, if the prime inciter of change, oxygen, 
is escluded, putrefaction cannot take pLice. This fact is illus- 
trated by the general practice of preserving all kinds of alimentary 
substances, meat, fruits and vegetables, in vess^ which esolnde 
the air. It is not enough, however, to remove the osygen from 
the surface of the body ; that which is diffused within it must be 
cspsUed, which is done by boiling, or in some cases by a lower 

1051. Antiseptics are preventers of change — substances which 
act in various wa3^ upon changeable bodies to preserve them. 
Common salt and saltpetre act by partial desiccation. They ab- 
stract water from Uie flesh, and hence concentrate the solution of 

of the action of puti-osoontljodleBi EialnplM. IMft Menllon Iheclilef producta 
of putrelaotion. To what la tho odor of pntre^ing bodies due ? What areother 
products of pnf rcikctlon ! 1060. How is putrefaclion provenWd ! How ore oi-- 
ganio bodies preserved I Esamplea, "Wlial is neceBsary to pi-eaenBtion t 1051. 
What are onUBCplliis! Bsplain the action of salt and saltpctra. Of alcohol and 
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albamen wltbiE ; tj am oun.d ng the meat with salt water, and 
partially espeliing tl e ajt pitrefactioa is CDunteiaoted Alcohol 
and sugar act ia a similar way removing a laige portion of water 
from flesh aud fruits and auriounding them ivith imohangeahle 
liquids and sirups, which prevent the access of osjgen. 

1052. Other antiseptics act directly upon the tdhumen, ooagu- 
latiiig and fising it in unchangeahle compounds. The sap and 
juices of all plants contain more or less of dissolved albumen, 
which, by its putrefaction, becomes an active cause of the decay 
of vrood. Rapid drying or 'seasociug' renders the albnmen 
inert, and the same object may be seonred in less time by iiject- 
ing the pores of the wood with any compound which coagulates 
the albumen. Wood is rendered indestructible by a process ap- 
plied by Dr. Ktan, which consists in steeping it ui a solution 
of corrosive sublimate (hi/animig). Bodohbeie cut into the trunks 
of living trees and introduced salts of iron, which were drawn up 
by the sap, and, impregnating the wood, increased its durability. 
Dried animal bodies are preserved from change by injecting in 
their veins corrosive sublimate, acetate of lead, chloride of zino, 
and many other substances. These, lite arsenic, are poisons. As 
life consists in. change, and these arrest change, they destroy life, 
and thus conserve the structures in which it was manifested. 

1063. Disinfectants. — A distinction is drawn between anti- 
septics and disinfectants^ the foTraer prevent putrefaction, the lat-, 
ter arrest it; though some substances often act in both ways. 
Compounds rich in oxygen, and which, when mixed with putrefy- 
ing matter are decomposed, act as powei'fiil disinfectants. The 
permanganates perform this office, rapidly destroying the odor of 
putrid matter, and oxidizing sulphuretted and phosphnretted hy- 
drogen, Nitric acid and several of the nitrates act powerfully in 
the same way. Fumes of nitrous acid and chlorine are efSoient 
disinfectants. Chlorine is conveniently nsed in the form of chlo- 
ride of lime or soda ; the addition of a little snlphuric acid sets the 
gas free rapidly. In disinfeotmg rooms by fumigation with gases, 
it is to be remembered that they corrode all metallic surfaces. 
Vinegar, and especially wood vinegar, which contains a little creo- 
sote, is a valuable disinfectant. So also is sulphurous acid (fumes 

augut. lOSa, Of other avulBepties. Of HCaaonlug, What 19 Kyaniahig? Give 
BoucnEBiE'fl BsperimcnL How are animal bodieB preBerved, and whyl 1063. 
Wliat iB a diatlnoLioQ botween onllseptlcB and dlsiDfuotmitB t EspMn the action 
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of Traroing sulphur); it destroys sulpliuretted hydrogen by oxidiz- 
ing it, and it also acta by absorbing oxygen. The disinfecting 
power of cbarcoal bas been elsewhere noticed. 

1054. Natural DiBlufectants. — We have seen that osygen and 
ozone of the atmospberoand thsoarbonaoeoas element of tbe earth 
are natural disinfectants on a vast scale. "Water, although favor- 
ing decomposition, is an invaluable agent for removing and finally 
destroying putveacent matters, and heat, althongh up to 140° a 
promoter of putrefaction, above that point, by becoming a dryer 
and diaorganizer, destroys the sources and prodncta of infection. 

§ m. Fermentation. 

I05B. Wlien the ternary compounds, as sugar or starch, are 
exposed to the air, in a moist state, they eshibit but little tendency 
fo change, and give rise to none of the effects of putrefaction, 
Bnt if to a solution of sugar there be added a little puti'efying flesli, 
blood, cheese, mill;, flour paste, white of egg, or any albuminous 
substance in a state of decomposition, their action is communicated 
to the sugar, which is broken np into new compounds. When the 
putreflable substances are considered with reference to the effects 
they pi-oduce upon tjie other class of bodies, they are called /er- 
metUs, and the communication of that condition of change is known 
ea /ermentation. 

1056, Mods of Action of Perment — "When changing nitro- 
genous matter acts upon sugar to decompose it, there is no combi- 
nation betweea the elements of the two substances. All that b 
communicated, therefore, is an impulse of motion. The collision 
of oxygen shatters the nitrogenous group ; its motion is communi- 
cated to tlie atoms which compose the sngar, thus overturning 
their nicely balanced afEnities. But the sugar cannot, like albumi- 
nous eomponnds, take the infection and go on decomposing itself. 
It only acts as it is acted upon, and when the motion of the impel- 
ling body is exhausted, the action ceases. Two parts by weight 
of fei'ment only decompose a hundred parts of sngar. 

1057. Vinous Permenlation.— When the sweet juice of fi-uits 
or plants is exposed to the air at the temperature of 70° or 80°, in 

ofiholattM? GiveeKsiniples. 1M4. ■WfiataregimtnMuvidiliBinftcfanlat Whit 
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the course of a few hours a change commenoas; small bubbles rise 
to the Hurfaee, tlie liquid beoomes turbid, and begins to ferment, 
or, as is oommonly said, to 'Mort.' Aftei- a time the bubbles 
cease to rise and the liquid is no longer sweet, but has acquired a 
Bpiritous taste. If now it be diatilled, aa inflammable body is sep- 
arated, which is known as spirits c/ mne, or alcohol, a product of 
the decomposition of sugar. 

1053. Yeast.— During the process of fermentation, a grajish, 
frothy, bitter liquid is produced known Fe ass. 

as yeasi. When fresh, it is in constant 
motion, from the escaping gas but 
when dried it loses 70 per cent of its 
weight, and is converted into a h nej 
looking solid. Yeast is a minnte ape 
cies of plant. Under the micro cope it 
n t consist of numberless small 

a H.. E.i.lilittleBlo1,Js,oon j..„, it„, ,^„ ,„ „ 
s t fa enveloping skin, or mem G owai B fla g una by 
b n f albuminous matter containing 

a 1 q d The yeast cells grow or expand train the minutest mi- 

p points (gramiles), and also bud off from each other, as 

sh wn Fig. 283. They are never formed except from tbo dc- 

mp t n of albuminous substances, and their fermenting power 

IP d to be due to the nitrogen they coutaiu, Whatever 

d t the vitality of yeast, deprives it of the power of exciting 

f m tat on ; hence when it is exposed to a temperature of 212°, 

t a is destroyed, and it is also checked by a cold of 10". 

"Wh n J t is dried and pulverized, or mixed with acids, alcohols, 

or alkalies, it also loses its power. 

lOBfl. In what manner the yeast plant acts in fermentation is 
not known. The most probable view is that of Pabteub, who 
maintains that the essential condition of fermentntion is the con- 
version of albuminous matter into the membranes of the globnles, 
and the assimilation and decomposition of the sugar in the process 
of their growth. 

1060. Production of Alcohol.— When fruit sngai- is acted upon 
by yeast, it is decomposed and gives rise to alcohol and carbonic 

mnnt ia necseeaiy ? 1067. Desorilw the rinousftrmenlflUoii. lOBS. What nro the 
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tho production of a 
Thia i 



acid. Two atoms of alcaliol and fonr of 
avbonic acid ai-e produced, the Ijreaking 
' up into groups being sliown by tbe accom- 
panying figures. 

1061. Diastase.— Malt.— But tlie sugar 
itself may be a product of fermentation. 
"When seeds are exposed to air and moist- 
ure at a suitable temperature, gormicalion 
commences. This consiata in a series of 
cliangcs, of ■which the first is an alteration 
of a portion of the nitrogenous mattof and 
1 ill -understood compound called diastase. 
t active ferment, and taking effect upon tbe starch 
changes it to sugar and dextrine. When barley is treated in this 
way it swells and becomes sweet. Diastase is formed and the 
barley is termed malt. When the germ is about half an inch long 
the process is arrested by heat, but the dextrine is not destroyed. 
One part of malt does not contain more than jjj of diastase, but 
accoi'ding to Peesoz and Paybh 1 part of diastase is sufficient to 
change 2000 of starch. Hence one part of malt can coBvert the 
starch of four or five parts of bai'ley into sugar and dextrine. 

1062. IBxewistg Beer.— In this process the crushed or ground 
malt ia digested in water at 100° (malt«d), to extract all the solu- 
ble matter it contains. The liquid, which is termed sweet wort, is 
then boiled to coagulate the oscess of vegetable albumen. Hops 
are added to impart aroma and a bitter flavor ; the cooled wort ia 
then run into a fermenting vat, and yeast is added. In a few 
hours bubbles of gaa begin to rise and tbe liquid becomes covered 
with a foam of yes^t, which gradually bardens into a crust. This 
is called surface yeast — another portion falls to tbe bottom and ia 
known as sediment yeast. Tbe former requires a higher tempera- 
tare, and is apt to give rise to laotio acid and other acidulous prod- 
ucts. The globules of surface yeast ai-e propagated chiefly by 
budding. Sediment yeast acts more slowly and at a lower tem- 
perature, generates no acid products, and propagates by grannies. 

1063. Though a portion of the yeast is spent in fermentation. 
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a nmch larger quaatity is formed from Ite nitrogenous matter of 
the grain in solution. Ttie fermentation is continued seTeral days, 
but is checked before all tlia sugar is converted iato alcohol, as it 
■would soon turn sour if the deoompositioa were complete. The 
liquid is now drawn off into casks, where it undergoes a second 
protracted fei-raentation (ripening), after which it is kept tightly 
closed from the air. It contains, in addition to the alcohol, a por- 
tion of saccharine, nitrogenous, and aromatic substances, together 
■with various oils and mineral salts. 

Z064. Lager Bear is freed from all nitrogenized products by a 
Blow and long- continued fermentation ; hence it may he preserved 
for years without further deoompositjon. Before consumption it 
lies stored in vaults for months, from which circumstance its name 
is derived (lager, to lay). The difference in color of malt liquors 
is owing to the various degrees of beat employed in malting. Ale 
is made from pale malt, while that used for porter is partially 
charred, giving it a brownish color and bitter flavor. 

1066. Wines are obtained from the expressed juico of the 
grape and other fruits. The fresh grape juice, or must, is placed 
in vats in cellars, where the temperature is so low that the fer- 
mentation proceeds very slowly. Sometimes the wines are bot- 
tled before the fermentation ia quite complete, and they continue 
to generate carbonic acid, which remains compressed within the 
liquid. If the carbonic acid is bo abundant as to produce efferves- 
cence when uncorked, the wine is said to be ' sparhling ; ' if other- 
wise, it is termed ^»lilV wine. The sweetness of wines is due to 
undecomposed grape sugai', the ferment being eshauated before all 
the sugar is changed. This escess of sugar preseiTes the wine 
from further decomposition, so that some of the sweet wines, snch 
as Tokay and Muscadine, have been kept uninjured for a couple of 
centuries. "When the sugar is wholly decomposed the wines are 
called 'i^,' as Olaret, Burgundy, Port, Sherry, i&c. The acidity 
of wines is chiefly due to tartaric acid. Their flavor and aromatic 
qualities are owing to a volatile substance called mnantUc ether, 
■which ia developed during fermentation, nnfl also to various other 
fragrant principles contained in the Juice of the grape. "Wines 
contain, in addition to the ingredients named, a proportion of 

lekgerbeer! Whit aausca Uio dlfforenceof color In tnslt liquoral EismplcB. 
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various albTimiuous, oily, and coloring mattera, and a small 
amount of acetic and other vegetable acids. 

p ^j 1066 Distilled liquors ara 

o t mel \ij sab^ecthig vai-ioua 
Ic mented miitures to distilla- 
t on The plan of a UiU is repi-e- 
aented lu Fig. 388 ; a is a furnace, 
& a letort, containing the liquid 
to be separated ; and d the con- 
denier of cold water surrounding 
the «" J «, through which the 
2 ndensed liquid passes. "When 
t the lermented mixture is heated 
ahove the boiling point of alco- 
^ "^ "' ' '" " hoi, 173°, that liquid rises with a 

portion of the water, passes over, and is condensed. It is then called 
spirita of wirtc, and when redistilled, rectified spirits of wine. The 
strongest commercial alcohol still contains some 10 per cent, of 
water, which can only be separated by adding chloride of calcium, 
or some other substance which Las a powerful affinity for water. 
When the water is entirely removed the alcohol is said to be ab- 
solute or anliydrovs. 

1067. Brandyis derived from the distillation of wine; rwmfrom 
that of fermented niolasses, and arrack from the distillation of fer- 
mented mCk. Whiskey is obtained from corn, rye, and potatoes, 
by first converting their starch into sugar, then into spii'it, and 
distilling the product. Ciwis produced from the distillation of the 
spirit of a mixture of barley and rye, and owes its peculiar flavor 
to juniper berries, 

1068. Viaooua Fermentation, — "When oertainaaccharine juices, 
such Bs thoso of beets, carrots, or onions, are exposed to the air at 
a temperature from 86° to 104", fermentation taies place, and the 
sugar disappears, but instead of cai'bonic acid and alcohol, lactic 
acid, m(mnite, and a mucilaginous, gummy substance are formed, 
which render the liquid viscid and ropy; it is hence called the 
viscous or lactio acid fermentation. Manmtc is a substance of a 
weak saccharine taste, and is not changed to alcohol by fennentft- 
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tion. It is tte chief ingredient of mannay b. kind of sugar ■wiich 
esudes from a species of ash tree in Southern Europe, and is used 
as it medicine. 

1069. LaoUo AddjOoH^OsiHO, so called hecanae it occars in 
sour milk, is a colorless, sirupy, very acid liquid, which combines 
■with bases, forming a class of salta, the lactates. 

§ lY. Alcohol and its Derivatives. 

ALCOHOL. 

1070. spirits of WimSlh/lio Alcohol, CiHoO^, ep- gi: of 
liquid at 33° 0.815 .■ of vapor 1.018.— Alcohol is a colorless, mobile 
fluid, having a pleasant, fruity smell, and a burning taste. It is 
very volatile, about one fifth lighter than water, and baa a strong 
attraotion for that liquid, which causes it to absorb moisture firom 
the air, thus rendering it valuable as an antiseptic. It is highly 
oombnallble, produoing intense heat without smoke, and is there- 
fore well adapted to burn in lamps for chemical use. 

1071. Alcohol has great value as a solvent, as it acts upon 
many substances which water does not dissolve, and is easily 
separated from them on account of its extreme volatility. It boils 
at 173°, and has never been frozen, although at —166° it becomes 
viscid. In a concentrated form it is a potent poison, but when 
Buificiently diluted, it acts upon the animal system as a stimulant. 
Taken freely in this form it produces inebriation, and is the active 
principle of all intoxicating liquors. Alcohol, till of late, has been 
regarded as procurable only by organic decomposition — the de- 
struction of sugar — but it is now made artificially by the eynthesia 
of its elements. 

1072. Derivation of Acetic Acid — If the vinous fermentation 
is not checked at the proper time, it passes on to a second stage, 
the acetoui fermentation; the liquid loses its spirit and quality, 
and becomes smir. Oxygen is absorbed, and the alcohol converted 
into vinegar or acetie acid, OjHaOjiHO. Pure diluted alcohol 
does not absoib ozygen when exposed to the atmosphere ; it ia 
affected only by addmg some matter in a state of change, or which 
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absorlja oxygen. The action proceeds slowly at first, but by de- 
grees a peculiar body, a kind of slimy vegetable mould, is formed, 
-wWch ia known aa mother o/vtnegar, and which acta something 
like a ferment to hasten the process. 

1073. Aldehyd. — Tlie change from alcohol to acetic acid ia 
not direct — an intermediate substance is formed, called aldeliyd 
0^11403, 30 named from alcohol tfeS^-drogenated, or deprived of 
hydrogen. This substance may be produced by the gradual osidation 
of alcohol, in vaiiocs ways, or by transmitting a mixture of alcohol 
and sir through a porcelain tube at a low red heat. Aldehyd is a 
highly volatile, inflammable liquid, with a pmigent, apple-like odor, 
j,^^ ^g^ 1074. When a few drops of alcohol are placed 

in a eup, its vapor will mingle with the air. If 
now a red hot coil of platinum wire be intro- 
duced into the cup, Pig. 284, the oxidation of the 
vai or commences (471), pungent odors of aldohyd 
f e given off, and the wire is kept at a red heat 
b to continued oxidation. If the coil be sus- 
pen led over the wick of an alcohol or ether lamp, 
r g 2S5, it will conlinue to glow for hours after 
the fiame is extinguished, from the same cause. 

1075. TIjb Quick Vla^far Prooosa. — As oxy- 
gen is the active agent in aoetifioation, the rapid- 
ity of the process will obviously depend upon the 
ah n lance of ita supply. If the air comas in con- 
1 th but a small portion of the liquid, months 
may be required to produce the change. In the 
ck vinegar process the liquid ia made to trickle 
er beech shavings, which have been previously 
so ked in vinegar, and placed in a tall vessel. In 
F {, '"^6 A A represents such a tub, near the top 
of vh ch ia a perforated shelf d d, through which 
the 1 quid falls. The shavings, loosely packed at 
J rest pon a pe -f ated shelf just above e c c, which are apertures 
f r adm n of a r the glass tubes in the cover allowing ita 
e oipe By tl s arrangement a vast Burfaee is exposed, the absorp- 
t on 3 ve y raj d and the aoetification is completed by a few 
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repetitions of tho process. Any fermeDted liquidj as a mixture of 
frude spirits find, water, may be used. 

1076. Properties of Acetic Aoid. — Pnre a«etio acid is a color- 
less, inteosely sour liqnid, -Pi^ -.g^ 

which has a pnngent odor, 
Bad blisters the skin. Mixed 
with various proportions of 
water it forms vinegar of dif- 
erent degrees of strength; 
common table vinegar con- 
tains from three to four per 
cent, of acetic acid. AceiateB 
are salts of acetic aoid, all 
very soluble. Vm-dtgns is an 
acetate of osido of copper, 
which foi-ms a green paint. 
Acetate of lead (imga/r qfUad) 
is soluble in pm'e water, and 
hoa a sweet, astringent taste. ' 
Acetates of alumina, i 
and ammonia, are used in dyeing and in metlioine. 

1077. Ether, C^UsO (Sulphuric Mher).—Whea eqaal weighta 
of oil of vitriol and alcohol ore heated in a retort, a vapor passes 
OTorwhiiJi maybe condensed into alimpid fluid, called etkerfvom 
its Tolatility, and sulphuric ether, because in obtaining it sulphuric 
acid is employed. In composition ether is alcohol less the ele- 
ments of an atom of water, which is separated hy the sulphuric 

1078. Ether is colorless, with a fragrant odor, and a hot, pun- 
gent taste. It issoTolatilethat it disappears when poured through 
the air from one vessel to another, and when placed upon the 
hand, produces cold by rapid evaporation, Itboilsat 98°, orwhen 
exposed to the air in summer, and is very combustible, hnrning 
with more Mght than alcohol and some smoke. Its vapor, when 
mised with air,'' is osplosive. It readily dissolves fats and oils. 

1079. Alcohols and Ethers. — By the chemist the sahstauoes 
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we have just beea considering have an interest as types of l&vge 
and important classes of componnds, having analogous properties 
and relations. Tlio term alcoliol was formerly restricted to the 
vinous product just described, but it has now become generic and 
embraces a large group of homologous substances (S15). All 
orgaoic compouads of carbon, oxygen, and hydrogen which unite 
with acids and separate the elements of water, forming ethers, are 
known as alcohols. There is a class of ethers derived from the 
sicohols by distilling them with, different acids, as nitric ether, 
butyric ether, carbonio ether, &o. 

1080. The composition of Formio Add is O2H, 3, HO or hy- 
drated teroside of formyle. It is a clear, pungent, strongly acid 
liquid, which was first obtained by distillingthebodiesof red ants 
(formica, rubra) in water, hence its name formio acid. It is this 
acid which causes the painful, stinging sensation, produced by 
handling the nettle, as its leaves are covered with little, sharp, 
hollow spines, with elastic cells at the base filled with the liquid. 

1081. Chloroform, CaHCIj, is a terchloride of fo^-mjle, and is 
prepared by distilling alcohol with a solution of chloride of hme. 
It is a colorless, volatile liquid, of a strong, agreeable odor, and a 
sweet, penetrating taste. It dissolves sparingly in water, but free- 
ly in alcohol and ether. It is extensively employed in medici; ; 
but for thb purpose it should be perfectly pure, as the fata! effects 
which have sometimes attended its use are doubtless chiefly owing 
to its contaminations. It should be colorless and free from a chlo- 
rous smell, or any unpleasant odor, when a few drops are evapor- 
ated on the hand, 

1032. Aneesthetics. — Chloroform and ether ai-e the most im- 
portant representatives of a class of bodies, the vapor of which 
when inhaled produces temporary insensibility to pain, or amum- 
thesia ; these substances being known as anastketias. For a hun- 
dred years physicians have sought for agents that would so deaden 
consciousness, that surgical operations might be performed with- 
out inflicting pdn ; chemical science has at length furnished the 
inestimable boon. 

1083. Amyllc Aloohol. — In the crude spirit obtained by distil- 
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lii^ grain and potatoes, there ia generated a disagreeable, pungeat, 
oily body, known as fusel oil. It is regarded as the Ljdrated ox- 
ide of the radicle ainyle OioHnOoHO. It has a persistent odor, 
a burning taste, and, though existing in but small proportion in 
distilled liquors, it increases their intoxicating effect. 

1084. Airti&cial Fragrant Ethers. — By the action of the vari- 
ous acids Tipon the alcohols, a great numher of fragrant ethers nre 
prodnced. When amylic alcohol is distilled with oil of Titriol and 
acetate of potash and mixed with sis times its bulk of alcohol, it 
gives the product known as 'pear oil,' which has the odor and 
flavor of the Jargonelle pear. If bichromate of potash is used in 
place of the acetate, apple oil is produced, and in the same manner 
other acids produce the flavor of melons, quinces, bauanas, oranges, 
&c., which are much used by confectioners as ' flavoring essences. ' 
The flavoring principles of various flowers, and of spirituous liquors, 
are also produced in this way, and estensively employed in perfume- 
ry and in the manufacture of wines and other liquors from alcohol. 

loss. Mercaptans — Sulphur Ahohols. — The ogygefl of the al- 
cohols may be replaced by sulphur, forming sulpltvr aholwh, 
which have a strong affinity for mercury, and are henoe called 
mevca/ptans. They have a very offensive odor, resembling gav- 
. . The radical Kakodyl, O^HgAa, is a colorless, viscous liquid, 
emitting fumes which, from their strong affinity for oxygen, take 
fire spontaneously when exposed to the air. It is highly poisonous 
and produces an intolerable stench. It is of much chemical in- 
terest, as it was the first organic base which played the part of a 
simple metallic body and could replace hydrogen. 



CHAPTER XXIII. 

ANIMAL PRODCCTB 



1036. Oompoaition of Flesh. — The muscular pai-ta of animals 
consist of fibrin, separated into bundles by membranes, and into 

what nra its propetUcs? 10S4. How are eniflcial tcsgraiit etlieca produced! 
HowtBraaroUo1)taHiea! Applo oil. &c.! What other flavoring priHoi pics are 
tLns produced 1085. Wbat ore mareapittiiB ? "Wiintof Itakodyll lOSO. Ofwhal 
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larger separate masses by cellnlar tissues in wliioli fat is deposited. 
The flesly mass is penetrated by a network of blood vessels called 
Teins, and tlae wliole ia distended by water, which forms about three 
fourths of the weight of tlie meat. The composition of the mus- 
calar flesh of different animals, according to Beakde, is as follows : 

Beef, ... 74 SO 6 S8 

Veal, . . . . T5 19 e 25 

MnttoD, ... 71 S2 7 fiO 

Pork, .... 76 1. 5 S4 

CLiekea, . . . 73 SO 7 S7 

Cod, .... 79 14 7 ai 

1087. J-uice of Flesh. — The true color of flesh fibrin is white, 
but it is ordinarily stained reddish by the coloring matter of the 
blood. Tet the liquid of meat is not blood ; when that has been 
withdrawn fi-om the anima), there remains diffused through the 
muscular mass a pecnliar liquid known as the juiee of flesh. It 
eoQsists of the water of flesh, containing about 5 per cent, of dis- 
solved substances, one half of which is albumen and the remwnder 
a mixture of several compoands not yet examined. The juice of 
flesh may be sepai'ated by finely mincing the meat, soakmg it in 
water and pressing it. The solid residue is white, tasteless, and ia- 
odorous. The separated juice is uniformly and strongly acid, from 
the presence of lactic andphosphoricaoids; hence it is in an oppo- 
site state to that of the blood, which is invariably alkaline. 

1088. Oreatin.— The juice of flesh contains the savory prin- 
ciples which give flavor to meat, and which cause it to differ in 
different animals. It also contains two nitrogenous crystaflizable 
compoTinds, called cr -afire and eieatinw Oieit'n (O^HotTaOi-nS 
Aq.) is a nuatral substance while ci catmm (OaH-,N Oa) is a pow 
erfal organic base of a simflar nature with theme and cafiLme 
Jnosic acid is a sirupy liquid denved fiom meat, and has an 
agreeable taste of the juice of flesh Inosin oi muscle sugar is 
found in the juice of flesh the he'jrt yielding it most readily It 
has a sweet taste, is soluble in watei and forms crystals 

1089. Gelatin. — When the tendons, ligaments, cartilages, skin, 

doealbemuaeuIarpartofadimalaconHst) Whatof tisfleabymaaH! 1087. What 
gives color ioHeehflbrtnl Is thojuioo of meat blood! Whatla tbojnloeof fleeh? 
How may it ba separaled, aofl what le the realdneJ Moatlgn tliedifforencs be- 
tween the Jiiico of flesh and blood t 1088, What does the julco o{ fleeh cont^n- 
'^batof oceatluandDrentiuia? Desoiite Ibdbic itDid. Jnoeln. lOSD, Howiegel- 
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and bones of animals are for some time boiled in water, a sub- 
stance is extracted wliich, on being cooled, hardens to a jelly. 
This 19 called gelatin. It ia a nitrogenized compouncl, iviththe 
fonnula OisHioJ^aOs S; bnt, unlike tbe albammous substances, 
it is never found in plants, nor is it a constituent of tbe blood. 
Some chemists maintain that it is formed bj the process employed 
to obtain it, and has no real existence ia the animal organism. 
Pure gelatin, is colorless, transparent, inodorous and insipid. In 
cold water it gradually soilens and swells, but does not dissolve 
till heated. It is insoluble in alcohol, ether, and tbo fixed and 
volatile oils. 

lOSO. Isinglasa is the purest form of commercial gelatin, 
and is obtained chiefly from the air bladders of fish, as the stur- 
geon and cod. It is extensively employed as an article of diet ia 
the form of jelly. The gelatin from cartilage is termed cJiondrin, 
and differs somewhat from ordinary gelatin. 

1091. Dietetical Value of Qelatln. — Gelatin, in the form o£ 
calves-foot jelly, blanc-mange, &c., is much used as an article of 
food, and it is also the chief thickening element of soups produced 
by long boiling of animal substances. Though a nitrogenous body, 
it is not of the protein type. It is regai-ded aa a product of the 
partial decomposition of albuminous bodiei in the sjstem but as 
incapable of replacing them when taken as aliment The French 
attempted to feed the inmates of their hospitals on gelatinous ex- 
tract of bones. Murmurs arose, and a commission with Maobndib 
at its head, was appointed to investigate the matttr They re- 
ported gelatin as, dietetioaily, almost woithless but it is proba- 
bly of some value espec'ally to 'n al'ds a ad'luntofnat 't'o s 

1092. Glue S3 form t gelatm extracted fron bone an I the 
refuse skin, hoof and ears of cattle Ij i 1 ng then n v er 
and evaporating tbe solut on Good glue s hard br ttle t inslu 
cent, of a brown sh color and abso bs three or four t raes its 
weight of wat r witl out d gsolv ng iS c s an und ed or g lat 
inous glue, made from the jar ngs f p r 1 men — tl th nner 
kinds of skins When ij j 1 ed to p per t fills p ts po es an 1 
tbns prevents th sp oad ng of ink 

atin obtained I "What ia further snia ofit I SlMo llfl proije"lofl- lOSO.Whatof 
iKinglaaa! Chonarlnl 109L What ia aatd of the dioletlcai value of eelattal 
Whalof tho FrancIiiQvoatigatlon? 1082, What isgluiM lis propertioBl What 
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1093. Xieatlier. — Gelatin combines with tannic acid, forming 
tbe basis of leather. The stina, first softened by soaking, are 
placed in vats containing lime water, which dissolves the sheaths 
of the hairs, and permits their ready removal. When freed from 
hftir, and soaked in a weak solution of acid, to nentralize the lime, 
they are transfeiTed to tan pits. These contain a weak solution 
of bark, the tannic acid of which slowly penetrates the skin, and, 
uniting with the gelatin, forma the leatheiy compound. The 
operation is slow, reqnh'ing many months, as no quickening pro- 
cess yet contrived produces so exoellent an ai'ticle. Currying 
consists in impregnating the akin with oil, and working it into a 
pliable state. 

1094. Bones.— Bones consist of gelatinous tissue, into which 
minei'al matter has been deposited until it possesses a stony hard- 
ness. The mineral substimces are chiefly phosphate and carbonate 
of lime. The phosphate predominates in the higher animals; ia 
the lower, the cai-bonate. The amount of mineral substances in 
bones increases with age ; in the adult man, it forms about two. 
thirds of the weight of the bone. 

1095. If a bone is soaked in diluted chlorohydric acid, the 
mineral salts are dissolved out ; the organic matter remaining as 
tough, flexible, nearly transparent gelatin, having the same form 
as the bone. But if we submit a bone to strong heat, the animal 
portion is burned out, and the earthy part remains. The bone is 
then brittle and falls to pieces at the slightest touch. Hence, bony 
structures owe their tenacity to the organic element, and their 
hardness and stiffness to the mineral substances of which they 
consist. The bones of flsh contain a large proportion of organic 
matter, which accounts for their flexibility. 

1096. The ToBth are similar in composition to the bones, but 
contain less organic matter. The enamel of the teeth contains, in 
addition to phosphate and carbonate of lime, a proportion of fluorido 
of calcium. 

1097. Homy matter, -which forms the hair, wool, feathers, 
claws, nails, and hoofs of animals, has about the same ultimate 
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composition as gelatin, but resembles more closely the albumin- 
ous bodies in. Its reaotiona. It contains but a small proportion of 
saline matter, is insoluble in water, and is dissolved witli difficulty 
by caustic alkalies. Tie substances composed of it owe their pecu- 
liar colors to the animal oils whicli they contain. The skin is 
closely allied to horny matter in its composition. 

1098. Shells. — The shells of the molluscs, oystei-s, clams, &o., 
and of the eggs of birds are composed almost wholly of carbonate 
of lime; while those of the erastacea, as lobsters, crabs, &c., gen- 
erally consist of only half their weight of carbonate of lime, the 
remainder being animal matter with a small proportion of phos- 
phate. 

§ II. An'hnal Secretions. 

1099. Animal Seeretione are the liquids separated from the 
blood and poured ont by variona organs of the living body for 
epedal purposes; as teal's to moisten the eyes, gastric Juice for 
solation of food, &c. 

1100. Milk. — This familiar liquid is secreted from the blood 
of the females of the class mammalia for the nourishment of their 
yoang. It is the only anbstance prepared by nature as an article 
of food, which furnishes all the materials for the development of 
the various organs and conipounds of the young animal. Its com- 
position is, therefore, a matter of much physiological interest. An 
analysis of fresh cow's milk gave 

Water SS.SO 

MilfcSiig'or, ' , ' . ' . ' . ' . sisiP 

Butter, S.OO 

Salts, 0.49 

Solid Matter, lOO.OO 

The five great types of food are thns represented, viz. : 1st, the 
aq^ueons; 2d, the albuminous; Sd, the saccharine; 4tb, the olea- 
ginous; 5th, the saline. 

1101. The Oily Element.— la respect to its sugar, casein, and 
salts, milk is a solution^ but with reference to its oily part it is an 

hair.fsatherB, &o„<1ubI 109S. GIt6 tto oompoBition of sbeUe. 1089. ■Whotaro 
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Fjc, 2SI. tmuhion. Tte butter of milt is diffused 

througii it in tlie form of exceedingly mi- 
s nnte globules, which wlien viewed by the 
3 microscope appear floating in a traBs- 
S parent liquid, Pig, 287. The milk glo- 
bules are lighter than water, and hence, 
when the milk is allowed to stand wndis- 
1 turbed, they slowly rise to the surface, 
1 forming cream. Each little globule is 
Milt Qiubuica. invested by a thin membrane of casein, 

■which is ruptured by the agitation of 
churning, causing the butter to cohere in a separated mass. 

1 102. Spontaneous Curdling.— When miik is allowed to stand 
for a short time it sours and curdles; that is, its casein changes 
from the dissolved to the solid state. This is brought about by a 
series of interesting changes, originating in the unceasing activity 
of atmospheric oxygen. Casein is insoluble in water. But in the 
milk it exists combined with soda, and this compound dissolves in 
water. Now when fresh milk is exposed to the air its oxygen 
seizes upon a portion of the casein and changes it to a ferment; 
this taies eft'ect upon the milk sugar and converts it into lactic 
acid, which causes the sourness of the milk. When a sufficient 
quantity of the Inotio aoid is thus formed, it seizes upon the soda, 
takes it away from the casein, and forms laetaie of soda. The 
casein, thus set free, shrinks in bulk and gathers into an insoluble, 
cm'dy mass. 

1103. Artificial Curdling.— In mating cheese the milk is 
curdled aitiflcially, and in different countries Yarious substances 
are employed for this purpose. Almost any acid will curdle milk, 
and vinegar, lemon juice, dilute muriatic acid, &e., are used to 
produce this effect. But the substance most generally employed 
for this purpose is reiinet — the lining membrane of the stomach of 
a calf, salted and dried. The rennet is soaked in water, or whey, 
which, being added to milk at a temperature of 95°, coagulates it 
promptly. It was foimerly supposed that the action of the gastric 
juice of the rennet produced the change, but the membrane acts 
with equal promptitude when washed thoroughly free from all 

croBcopei How is cream forniad! Butter) 1102. What is the cause of Ihc 
cutdUngofmUk? EipMn the oheinicril diangos. 1108, State «ia eOfect of acids 
upon milk. What Is fianci-ally used to cm-die milk) To \yhat ie the cliiioL-o 
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acid. Tli<} cliange is due to the deoompoBing aaimal matter of tha 
renoet. Tiiia converts milk sugar to lactic acid, whicli nentrallzes 
the soda, and precipitates tte casein. Only a minute c[uantitr of 
rennet is necessary; according to BBBZBLins, one part of the 
membrane being sufficient to coagulate thirty thousand parts of 

1104. Oheeae. — By the act of, curdling, the milk is divided 
into two parts : first, the curd, comprising all the casein, a large 
portion of oil, and a trace of sugar of milk, with some water ; and 
second, the whey, or fluid pai-t, containing the bulk of water, the 
sugar of milk, and a small, variahle proportion of oily matter. Of 
the saline matter in milk, the phosphates of hme and magnesia 
exist in the curd, while the remaining salts ai-e found in tlio whey. 
The curd' separated from the whey and prepared in vailous ways, 
foi-ms, when pressed, cheese, 

1 1 05. Renal Secretion ( Urine). — This liquid is sepai'ated from 
the arterial blood by the kidneys, and contains the chief soluble 
waste products of the body. In fasting it is feebly acid, but 
during digestion it becomes slightly alkaline. When left undis- 
turbed for a time (which varies with the temperature), it putrefies, 
acquires a powerful alkaline reaction, and gives off ammonia. 
This excretion is the outlet of the nitrogenous products of the de- 
composed tissues, and of the saline constituente of the body. 

1106. Urea, OaH^WnOa, is the chief product of tlie kidney 
excretion. It is a neutral body, crystallizes in slender prisms, and 
forms compounds with salts. It is not formed in the kidneys, 
but is separated by them from the blood. Uria, or Kthie acid, 
CioHjIfiOn, is a small constituent of human urine, but abounds 
in the excretion of birds and serpents. Urate of ammonia is the 
chief constituent of guano. It is this acid, principally, in combi- 
nation with soda, which accumulates ai-ound the joints in gout, 
and it is also a constituent of several of the stony concretions 
known as -urirtary calculi. Sippurio acid is another nitrogenous 
body found in urine. 

1107. The openings from the surfaoe of the body are lined 
with what are known as w,ucous memlimnes, which are constantly 

owln?! What proportion of iiMinEt la ncceeBary ! 1104. Intotvhat dooeaordling 
divide tlio milk I Give the conatituoiUa of the curd. Oftliewhcy. "WHotiselisese? 
1I06. WhatiBtlieotigtnofurinel State Ite diatoent ooiidllloiiB. Of what ia it tho 
oiitlBtl 1108 WhEtof urea! Wberoiancloatddfoundl What ia fiaid of it in con- 
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moistened by a -risoiii secretion called mucus. This is 
water, and yields a glairy product called mucin. 



CHAFTEE XXIV. 

CHEMISTRY OS FOOD. 

§ I. Ghemdsti'y of Bread Maldng. 

1108. OliJBcta of Culinary Art— Organized substances de- 
signed as huraaa food— grains, roots, fruit and flesh — are many of 
them not adapted for this purpose in their natural condition, and 
to become digestible, require to be mechanicaily and chemically 
changed. This is effected chiefly by water and heat. These 
agencies soften some substances, dissolve others, and enable ns to 
prepare palatable and nutritious dishes from the crude, tasteless, 
or noxious bodies furnished \is by Nature. 

1109. Propariug the Dougli for Bread.— This is usually done 
by first mixing suitable proportions of flour, irater, yeast, and salt 
into a stiff batter, and exposing it for an hour or two to a gentler 
heat. The water hydrates the starch, dissolves the sugar and albu- 
men, and moistens the dry particles of tiie glnten, causing them to 
cement together all the ingredients into a cohering mass. The 
yeast now causes an active fermentation, com citing the sugar of 
the flour into alcohol aad carbonic acid It alqo converts a por- 
tion of the stai-oh into sugar. The cirbonic add is diffused 
throughout the mass in the form of minute huhlles, which, being 
caught by the tenacious gluten, cause the dongh to swell and 
rise. When the fermeatatiou is suftcient, the dough is kneaded 
into loaves for the oven. Leavened bread is made by substituting 
for yeast a ferment of sour flour paste (leaven). 

1110. Changes of Bread in Baking. — When the prepared 
dough is exposed in an oven to a temperature of SSO", it loses 
from 10 to 10 p|r cent, of its weight by Civaporation. But the 

noctloii with gout and m'Lnaryoalcnli? 1107. WTmtof mucrg? 1108. Whatcbangea 
tuuBt imnnj' organized bodies undei-go lo fit tbom for food * How aro they effi;ote(1 1 
1109. How Ifl bread fkiagh piepafei! Wtat changoa doaa the ytast produocJ 
■WtiyfloeaUieAjre^idriBot What is leaveupd bread 9 lUO, How floes hmtolftcl 
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loaf increases in bulk to atiout twice its size. This is dae to the 
expansion of the carbonic acid contained in its pores, the con¥er- 
siou of water into steam, and the vaporizing of alcohol, wbioh is 
driven off in the gaseous form. Attempts hove been made in 
large bakeries to condense and save the alcohol, and a weak spirit 
was obtained, but it seems not to have repaid the trouble of 
its collection. The surface of the loaf is 0rst dried and then dis- 
organized. The roasting conTcrts the starch into gnm, and pro- 
duces a peculiar, brown, eolnbZe substance, inown as aasamar. 
If the beat is ezcessive, a thick carbonaceous crnst is foniied, 
which prevents the penetration of heat, and produces a raw 
interior. 

1111. Aa the temperature within the loaf cannot rise above 
213°, no changes go on there except such as ai-e produced hj the 
heat of the watery vapor. This is suf&cient to stop the fermenta- 
tion, destroy the Mtter prineiple of the yeast, and kill the yeast 
plant. In baking, abont -^ of the starch is converted into gum, 
the rest remaining chemically unchanged. The gluten, though 
not decomposed, loses its tough qualities, and imites closely with 
tlie starch paste. 

1112. New and Stale Bread— In newly baked bi-ead the crust 
is dry and crisp, while the crumb ia soft and moist, but after a 
short time this condition of things is qnite reversed ; the brown 
products of the roasting process attract moisture, and the cruat grows 
daily softer, while the crumb becomes bai'd and dry. This appar- 
ent dryness, however, is not caused by loss of water, but by com- 
binations going on among the watery and solid atoms of the bread. 
That the moisture has only passed into a state of couoealment may 
ba shown by exposing a stale loaf in a closely covered tin vessel 
for half an hour to a heat of ISO", when it will again have the 
appearance of new bread, Weil-baked wheaten bread contains on 
an average about 45 per oent. of water, so that the bread we eat is 
nearly one half water. 

1113. Aerated Ereai3,— A new method has lately come into use 
in which carbonic acidisforced,under high preaaure,into the water 

tiebreadf TowhatlsltoincreaBa inbnlkowing! Wlint attemptsacemenlionea) 

duel iQ what do they eoneist? 1112. What dlffcrancas arome;itjop5'l between tha 

WhatpiiTOorUonof waterdoesbreadcontjilii! 1113. How ie afcraled bi-oad made I 
17* 
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employed for making the dougli. The intciToiiture of the mate- 
liala, or hneading, ia effected by machinery under great pressure. 
As Boon as the pressiire is removed, the dough, I'ises from the ex- 
pansioa of the compressed carhoaic acid. 

1114. U^e of Chemical Substances. — Fermentation is often 
replaced by a quicker method of raising the dough, through the 
agency of chemicals. Bicarbonate of soda and chlorohydric acid 
are used, the soda being thorotighlj incorporated with the flour, 
and the acid added to the w^ater used for mixing. The acid com- 
bines with the alkali, forming common Bait, and carbonic acid is 
Bet free, wliioh distends the dough. To ensure neutralization, the 
ingredients shonld he pare, the proportions correct, and tJie mix- 
ture perfect. Soda powders consist of tartaric acid and bicar- 
bonate of soda. The soda combines with the acid, producing tar- 
trate of soda, and liberating carbonic acid. Oream of tartar is ex- 
tensively employed. "When sour milk is used, the carbonic acid is 
set free by lactic acid. 

1116. Fhospliated Bread. — The high price and pernicious 
adulteration, of cream of tartar have created a demand for a sub- 
stitute. Prof. HoBSFOED claims to have found it in phosphoric 
acid, or acid phosphate of lime, which combines with the soda, 
setting fi'Ce carbonic acid, and producing phosphate of soda and 
lime; both normal constituents of the body. This preparation is 
now furnished as a yeast powder, 

lllfi. Salts of Ammonia are sometimes employed for raising 
dough, but the gases formed are apt to communicate a disagree- 
able hartshorn fiavor to the bread. Ail these chemical methods 
have one serious disadvantage — the gas is set free too enddenly 
to produce the best effect. The cautious use of chemicals, when 
pure, in bread mating may be tolerated on gronnds of convenience, 
but their employment by careless housekeepers in the commercial 
form is highly injudicious, as they are apt to be contaminated with 
injurious, and even poisonous imparities. 

1117. Betecioratlon of Flour, — Flour tends to deteriorate by 
time. It is very hygroscopic, and the absorbed water gradually 

1114. By what is ftrmentation often pjplaoed! Wliat chemicals ore monliraed ? 
Explain their Botlon ! What precauliona are necaoBary ? What of eoija powders I 
Sonr milk? 1116. Whit is Ptof. Hobsfobd's aubstilnto foi' cream of lartar! 
Deaotibo its action. UI6. What of salts of aminonial aiate lie dieadvanti^Bof 
aUtiCBCChamioolB. 'WJiat la said of tiio iieo of ehemioalB ? 1117. Why does flour 



d^vGoogle 



CULINARY CHANGES OF ALIMENTAIiY SUBSTANCES. 3D5 

impaJi'a the tenaoitj and fiaenesa of t]ie gluten. Oddus'q has 
shown that it is converted into a anbstaace resemhlmg diastase, 
which changes the starch of the flour into dextiiae and sagar. 
Such floiffl of oourae malies a heavy, soddea bread ; flour, there- 
fore, should he preserved in a state of the almost dryness Liebio 
has ascertained that flour thus damaged may be greatly impi oved 
by lime water; 100 parts of flour aie niisedwith 26 oi 37 ot lime 
water, and suflioient water added to foim djugh The lime le 
moves all a<:idity from the dough, somewhat augments tht pro 
portion of water absorbed, and restores the oiiginalLpiahtica of the 
gluten. Common salt and alnm causa dough to iVsirb moie 
water than it would otherwise do. 

§n, Gulinary Changes of Ahijibntai y '^ulk.ianGes 
1118. Effects of Boiling.— In buihng tin, lood is surionnded 

by a powerful solvent, which more oi less completely extiacts cer 

tain constituents of the food. Vegetable acids, 

sugar, gum, and vegetable albumen are all 

soluble in water, and by boiling are partially 

removed. The tougher pai'ts are made ten- 
der, the hard parts softened, and the ccnueo 

tions of the flbies and tissues loosened so is 

to be moie leaddy masticated, more easily 

penetiated by the saliva and juicea of the 

Btomacli, and tlieiefure moio promptly a 

perfectly dige^ed 

1119, Breaking up of the Starch Grains. — The structure of 

starch grains has been described. They consist of layers or coats 

arranged conoentrioally around a 

point called the Mlwrn. If one of '" „, 

these grains be strongly compressed 

between two plates of glass it 

breaks apart into several pieces, as 

seen in Fig. 288 ; but under the 

joint action of heat and water the 

membranes ore torn asunder, or ex- 
foliated, by internal swelling, 

represented by Fig. 280. 
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1120. Cheaigea of Starch.— When staroli is diluted witli twelve 
or fifteen times its weight of water, and slowly heated, all the 
grains burst on approaching the boiling point, and swell to aucli o, 
degree as to occupy nearly the whole volume of the liq^uid, form- 
ing a gelatinous paste. If a lifcUe of this be diffused through cold 
water, and esamined with the mici'oscope, it wiJl be seen that the 
starch grains have greatly changed. They have increased to 
twenty or thirty times their original size ; the Ooncentrio lines are 
obliterated ; the membrane of the gra,in is ruptured, and its in- 
terior matter has escaped. "When starch is boiled in water for a 
considerable time it gradually changes, first into gum and then 
into sugar. A cold starch jelly left to stand, either closed or ex- 
posed to the air, undergoes the same change, but to effect it, 
months are required. 

1121, Honr Potatoea are Changed by Cooking.— The potato 
d of three fourths water, and one fourth solid matter, 

which consists chiefly of starch. When 
esamined by the microscope the tissue is 
found to consist of a mass of cells, eacJi 
inclosing some 10 or 13 starch grains, 
i loosely situated, as shown in Tig. 200, 
I and surrounded by the potato juice, 
i which contains albumen. If potatoes be 
ot good quality they boil di-y, or meal^, 
as it is termed ; but their jnice does not 
separate or boil out. It is absorbed by 
the starch grains, wMoh form a com- 
pound with it and swell up, so as completely to fill and even bm'st 
the cells, as seen in Fig. 391. When the jnice of the potatoea is 
only partially absorbed by the starch they are iBatery or waxy. 
Potatoes when boiled in water do not form a jelly, like common 
starch, because the stai-ch grains are protected, pai'tlyby the coats 
of the cells in which they are inclosed, and partly by the coagu- 
lated albumen. 

1122. Quality of Water for Culinary Purposes.— Soft water. 
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or tl it v.h ell 13 free from disaolyel m neial matter make'5 its 
way into organized tissues with mucli muie leadmess than liord 
water Its higlier "olvent pon er better fits it 
also to act as a vehicle foi cf nveTing food mto ^° ^^^ 

the living system In onlinary operatio: 
■wheie the object is to soltea the texture of 
aaamal and vegetable matter oi to estia^t i 
fioni it and picsent m a li juid form some of I 
its Tfluable parts as in making soups biotba I 
or infusions (aa ot tea and eoftee) soft water \ 
IS the best But thole aie cases in which the 
solvent action ot soft watei is too gieat 
somet mes upon green vegetablei which it 
makes over tender destroying the flrmneaa 
that IS cseatial to the pieservitioii of then juices ■nhich 
are dissolved and extracted readeiing the substance proper 
tionately tasteliss In those cases theiefore wheie we do not 
desire to dissolve out the content? of a struct ire but to pieserve 
it firm and entire, hard water is better than soft. To prevent this 
oyer-dissolving action, soft water is often hardened by the addition 
of common salt, which also hinders the evaporation of the flavor- 
ing principles. 

1123. Constituents of E'lesb. — When loan meat is choppedfine 
and soaked ia cold water, there remains a solid residue consisting 
of tie fibres; tissues, &c. It is white, taatelessj and inodorous. 
All the savoiy constituents of the flesh were contained ia its juice, 
and wei'e entirely removed by cold water. If the watery infusion 
thus produced be boiled, a clear, yellowish liquid is obtained which 
has the aromatic taste and other properties of soup made by boil- 
ing the flesh. "When evaporated and dried, a soft, brown mass, 
amounting to 13 or 15 per cent, of the weight of the original dry 
flesh, is left, having an intense flavor of roast meat. This extract, 
when dissolved in hot water, gives to it all the properties of soup, 
retaining the peculiar taste of the flesh from which it was derived. 

1124. Action of Heat upon the Constituents of Fleah.—The 
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effect of boiling upon fibrin is t« render it hard and tougb. Heat, 
as we have seen, changes liq^uid albumen to the solid condition, 
and readers it insoluble in water, either hot or cold. Fat is, of 
ooiu-se, liquefied by the action of heat and, at & high temperature, 
is resolved into various acid and acrid bodies. 

1135. The Cooking of Meat.— The first effect of applying a 
strong heat to fresh meat is to contract ita fibres, press out a por- 
tion of the jaice, and prevent the escape of more by partially 
dosing the porea. In preparing meat for food, it is desirable that 
it should retain the ingredients of its jnice; and this will depend 
much upon tlie metliod of cuBnary procedure. If the meat be in- 
troduced into the water wJien hriahly 'boiling, the alburaea at its 
suifaoe, and to a certain depth inward, is immediately coagulated ; 
thus enclosing the mass in a crust which prevents the Juice from 
escaping, and also from being weakened and dissolved by the es- 
ternal water penetrating withiiL The albumen coagolated within 
the meat also forma a protective sheath around the fibres, and 
thus prevents them fi'om becoming shrivelled, tough, and hard by 
boiling. If, oa the contrary, the meat be placed in cold water, 
and the temperature slowly raised to boiling, a portion of the 
savory and nutritive juices is dissolved out, and the meat becomes 
proportionally poorer for the loss, while, at the same time, the 
fibres grow hard and tough. Whether the meat be suiTounded 
by hot water, or exposed to heat in any other wny, as soon as the 
water-proof coating is formed, the furtlier changes are effected by 
internal vapor, or steam. In vo<mtmg or liaMng, therefore, tlie 
fire should at first be quite hot, as meat, when exposed to a slow 
heat, becomes dry and unsavory, from the constant escape of its 
juices through the open pores. 

1126. Soups. — In the preparation of these, onr object is the 
reverse of that just considered. We desire to take the nntiifive 
and savory principles oui of the meat, and obtain them in a liquid, 
or Bolnble form. To obtain the best liquid extract of meat in the 
form of aoup, broth, or tea, the flesh is finely chopped and placed 



lha action of heat upon the oonstltueuta of flaeli. 112B. Mention ita first offljct. 

What la the i-osult of placing inont in cold irntsi and Elowly ralaing its tem- 
perature? After the water-proof eoatlii J ia formeil, liow are tlio fnrlhet clungcs 
proaucsfl ! Why, in roasting or baking meat, eliould the fire be at firet quite hot ? 
1128. Whatia tboobjeot InpfeBarlnesoupaJ Howia tbisbeBteflbcted! Why is 
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In oold water, which is then slowly heated and kept boiling for a 
few mimitea, when it ia strained and pressed. The meat should 
not be boUed long, aa the effect is to coagulate and render insolu- 
hie the ingredients extracted by the cold water, and which should 
have remained dissohed in the soup. 

1127. HiB Bffect of Salt, when Tabbed upon raw fresh meat, 
is to contract its fibres, thereby pressing out the juices, so that a 
brine is soon formed withoat the addition of any other liquid. 
This brine coataias a large proportion of the albuminous con- 
stituenta and mineral salts of the meat, the removal of which 
impoverishes it and renders it incapable of complete or healthful 
nutrition. Salted meat is, therefoi-e, dietetioally much inferior to 
fresh meat. 



OiiAPTEE XXV. 

CHEMISTRY OF SOILS. 

1128. A few years since 3 remarkable impulse was givoa to 
the subject of Agricultural Chemistry, chiefly through the labors 
of Prof. LiBBiG. The first efibct of the movement was to create 
extravagant espectations in regard to what chemKtry could ac- 
complish for agriculture. It was supposed that tlio farmer had 
only to obtain an analysis of his soil, and by comparing the re- 
sults with tables of the composition of crops, he could, by supply 
ing the missing constituents, place his agriculture at once \ipon a 
simple, scientific, and successful basis. Experience qaickly dissi 
pated this fallacy, and then came a reaction, in which agricultuial 
chemistry was denounced as misleading and worthless. The truth 
in this case Ilea between the extremes. While chemistry cannot 
be made a sole guide in agriculture, it can contribute important 
assistaace, and is indispensable to the enlightened and most suo- 
cessfhl practice of the art. 

1129. Prof. AflDBKsou states that it is only in rai-e instances 
posaible to connect together the chemical composition and prop- 
erties of the soil ; that analysis is frequently incapable of dis- 

longtolUns liijuiions! 112J. How does salt affeot raw most ! WHy nte srdtod 
meats less nntrllioiiB tiaiifreali? 112S. -what la aald of LibbioS What woa tte 
ftrat effect of this Impulso? Its roootion) -Whero does tha truth He f 1129, Cllvs 
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tingaishing between a fertile and a barren soil; that it discloses 
only a part of the conditions of fertility, and that with each ad- 
vancement in the aconraoy of its processes the dif&oultiea have in- 
creased, rather than diminished. Still, in the study of soils we 
cannot dispense with the aid that chenustry affords. 

1130. Origin of Soils. — The mineral elements which compose 
the chief mass of soils are derived from the disintogration of rooks 
by air and moisture, heat and frost. Of course the composition 
of the rock determines that of the soil derived from it— an argilla- 
ceous rock prodnciag a Boil abounding in clay ; a calcareous rock 
in lime ; a silicious rook in sand. There is hence a relation be- 
tween soils and the rocks from which they are derived, but it is 
mode so obscure by the transportation and admixture of materi- 
als, as to be discoverable only by the well-instructed geologist. 

1131. In the crumbling down of rocks into soil, the decom- 
jwsition ia not complete. Besides a portion of liberated alkalies 
and alkaline earths, the sands and clays contain lai-ge amounts of 
potash, soda lime, and magnesia, locked up in combination, so as 
to be imperfectly or not at all available to growing vegetation. 
Yet the same forces, which disintegrated the rocks are still at 
work upon these constituents of soils, carrying forward the same 
decomposing changes, and gradually liberating the needed ele- 
ments of fertility. 

1132. Variety of Soils.— Soils are named from their predom- 
inating element, as mndy, argillaceoua, catcarerms. Those con- 
taming excess of sand are light and porous; water escapes 
through them; manures are wasted, and in drought plants lon- 
gnish and die. On the other hand, an excess of clay makes a soil 
stiff, heavy, and retentive. A due admixture forms the loamy soil 
in which the evils of both extremes are corrected. It is suffi- 
ciently open to permit the free extension of the roots, and the ad- 
mission of air, while moisture and manures are retained. 

1133. Physioal Properties of Soils. — The most important of 
these we specific gravity, tenacity, power of retaining moisture, of 
absorbing and retaining heat, and of absorbing moisture, carbonic 
acid, ammonia, and oxgyen from the air. These properties are 
most powei-fally influenced by drainage, deep and subsoil plough- 
Prof, Ahdeboos's testimony. 1130 How (Jo BOilo originate? What ie eald of 
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ing, laistni'e of soUs, &o. But it is impossible to alter the physical 
character of soils without at the same time affecting their chemical 
properties. 

1134. Ohemioal Propertiea.— These relate to the compoaition, 
state of combination, and aoIabHitj' of soil ingredients. The ele- 
ments, which most ahound ia soils, are not the most important. 
They contain the food of plants in but small proportions. If the 
soil is deficient in any of the constituents of plant food, or if they 
aro locked up in inaccessible foi'ms, plants will not gi"ow, and the 
soil is said to be imven. If long cropping has remOTOd any of the 
available constituents, it is bi'ought to the same state, but is then 
said to be exitausted. 

1135. TflTO Sources of Plant Pood,— Plants live a double life. 
As will be explained in the following chapter they hive a twofold 
nutiitioD denvmg mineral tjjdf omtKe sod and organic from 
the air How mach comes from each source is an important 
question in pi actical agriculture, and his given rise to a lively con- 
troversy among agricultniists The atmospheric elements, car 
bonic acid ind anrnoma m\j come "ilso from the decomposi 
tlou of fif,anio matfei in t! e eirth ind the qaesticn it once 
aiises, ia tut Iizng a soil W] ich cLss of c nitituents s mo^t 
neoessan ^ 

1136 Tanatiou of the Mineral Elements. — While the oi 
ganio constituents of plants are generally uniform upon an esam 
inatiott of their ashes it is found that different classes aie milked 
by the prevalence of certain mineral elements Mome abouad m 
potash, others in lime ; some in phcwpbates, and others in silica 
Different parts of the same plant have also then predominating 
elcmeats. "We have here one reason why all ciops lie not 
suited to the same soil, and why one crop mav succeed wheie an 
other fails. 

1137. Liebeg's Mineral Theory. — Starting trom the^e facts 
LiEiiio maintains tlial: the fertilization of soil'' is chiefly a question 
of the addition of auoh mineral substances, in af^rm suitalle f Ji 
absorption, as plants spedallyrequh-e. He holds that the organic 
ingredients are abundantly furnished by tho air but tliat the 

ptoperUaa. Howare tiejlnflnoncedS 1134. What of their cheiaioal jirnpecUee ! 
When are BOila Iwrraa I and wlien eihanated ! HSU. Explain the twofold life of 
plants, WhatqtiaalloniiinoontrovsrBj! IISB. State the YBiiations la tho min- 
eral olomedle. For what doea this acoounti IIST. What la Libbio'h mineral 
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mineral constituenta are not supplied in sutflcienfc quantity, and in 
availaUa condition to the .roots. Other chemists, represented by 
Lawbs and Gubbet, of Ecglawd, maintain tlie opposite view. They 
hold that the store of mineral substances in the soil is generally 
abundant for the wants of crops ; but that the atmospheric supply 
is not, and req^uirea to be supplemented by ammoniaoal manui-ea, 
or those yielding nitrogen to the plant. 

1138. The truth seems to be, that while plants if allowed suiffi- 
eient time can estract organic materials from the air, and attwn a 
vigorous growtii, yet if it be desired to rapidly increase their de- 
velopment, manures yielding ammonia and carbonic acid to their 
roots must be furnished. This policy, however, if long continued 
will exhaust the soluble inorganic constituents of the soil ; hence 
in aJl pei'manent systems of agriculture, mineral fertilizera can no 
more be neglected than organic. 

1139. Z>iroe as a PertiUzer.— Fertilizei-s are divided into min- 
eral and organic. Lime is one of the most important of the first 
class. It is used in the forms of marl and chalk, but most com- 
monly as slalied lime. It acts in various ways, but its least im- 
portant use is as plant food, for there are probably few soils which 
have not sufficient lime for this purpose. It acts meohanieaUy to 
loosen tenacious soils, and chemically to decompose tlie silicates, 
liberating the alkalies, which are locked up in combination. It 
decomposes vegetable matters, converting tlieir nitrogen into am- 
monia. It changes inert substances, so as gradually to render 
them usetul to vegetation ; decomposes noxious compounds ; non- 
traliaes baneful acids ; sweetens vegetation, and improves the qual- 
ity of neai'ly aU crops. 

1140. The compounds it forms in soils ai'S generally insoluble ; 
its action is therefore slow, often requiring two or three years to 
produce its full effect. At first it may diminish crops, and does 
so invariably when applied in overdoses. On light boUs, deficient" 
in vegetable matter, it should be used sparingly, 

1141. Qypsnm is a valuable fertilizer for some crops, but the 
manner of its action is not known. Salts of potash, soda, and 
ammonia are excellent when they can be afforded. Experience 
verifies what theory affirms — that ashes are most valuable. They 

tbeory! Howls It coatrovBtted? 1138, What le aald of oigaiilc aad mlnei'al for- 
tlllze™? 1139. lulo wiiot are fertiliiota divided) DeBorlbe the ubbb of lime. 
What of it 03 plant food? 1110, Esplain ils action upon efoUb, 1141. Wliatof 
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restore to the soil tlia mineral matters wliicli the crops remove, 
wtiie the aitali they contain has the same beQeflcial effect as lime, 
with the superior adyantage of acting immediately. Crushed 
bones form an exceedingly valuable manure, as their animal mat- 
ter yields nitrogen, and the mineral matter phosphate of lime. 
"When bones are treated vrith sulphuric acid, a soluble phosphate 
is produced, which acts with more promptness thon the neutral 
phosphate. 

1142. Farm Yard Manure,— "^ith the esceptioQ of the small 
portion retaiued in. the body, it is evident that the excretions 
of an animal represent the complete composition of its food, and 
if all restored again to the soil, would afford the restitution neces- 
sai-y to prevent exhaustion and maintam fertility. The solid ma- 
nure of animals consists of the indigestible and insoluble portions 
of their food. Liquid manure, on the contrary, represents the 
assimilated portiou— that which was incorporated into the system, 
but was afterward decomposed and escaped from it in a soluble form. 
Liquid manm-e has, therefore, a far higher value as a fertilizer. 

1143. Guano consists of the accumulated escretions of sea 
birds, deposited on rainless islands, and is sometimes found in masses 
ahandred feet deep: Its chief constituents are ammonia and phos- 
phate of lime, which amount In the best tlnds to from J to |^ its 
weight. They occur in a soluble form, and its effect upoii crops is 
therefore immediate and powerful. 

1144. The golden rule of agi'lcultare is to restore to the soil, 
in the shape of manure, exactly what it has lost in the crop. By 
failing to heed this principle miUions of acres of the oholcest land 
in this country have been utterly exhausted, and millionsmore are 
undergoing the same ruinous process. The skilful farmer econ- 
omizes every source of fertOity. His manure heaps are sprinkled 
with gypsum, dilute sulphuric acid, or some other absorbent, to 
prevent tiie escape of ammonia , liquid excretions are preserved in 
tanks, and no paiticle of it wasted; compost heaps gather and 
utilize all forms of refiiss and whfle the accumulation of filth and 

;s is pie^ented, the soil is enriched and culture made 
erative. Feitihzeis are the farmer's motive power; with 
them he can do everj thmg, without them nothing. 
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PABT IV. 
PHYSIOLOGICAL CHEillSTRT. 

CI-IAPTER XXVI. 

VBGETABLK CHEMISTRY. 

§1. Chemical and Vital F<yi'ces. 

1145. Having noticed tie properties of the chief organic com- 
pounds, wo now pass to the chemistry of living beings, and the 
chemical relations of the organized kingdoms to each, other and to 
the inorganic world. 

1146. Tlie Mystery of tife. — However viewed, the transcen- 
dent miracle of nature is Life. Whether considered as supporting 
the spiritual fabric of mind above, or as rooted in the organic 
world below, it is alilte wonderful. Springing from ethereal airs and 
yet inTineihle ; constantly perishing, and yet abounding in earth, 
air, and sea; forever conquered by death, yet evermore tri- 
umphant — ' strongest and weakest of the things God has made,' it 
is not surprising that it has been regarded as nnlike all else in na- 
ture. It was bnt natural that the living system shonld he looked 
npon as the seat of a potent agency — the mysterious Vital Princi- 
ple — which built up, maintained, and used the organic form, and 
subdued all surrounding forces. 

1147. The Vital Faroe.— There has been a reiuctanee to con- 
sider the science of organized beings from a chemical point of view, 
as it was said the vital force here comes into play which overrides 

fairaarinanago? 1116. What aro weBowloconalder? 1147. Wliy bns tbare liceii 
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ciemioal laws and is itself iascrutable. But tliis idea is no longer 
admissible. In one sense all foroea are mysterious; yet they act 
with regularity, and wKatevei" obeys law can be investigated 
Though we cannot penetrate to the essential nature of any force, 
yet we may leaj'n the raaaner of action and mutual connections 
of all forces. Vital force overcomes affinity, and so meohanioal 
force overcomes gravity, but neither chemical force nor giavity 
is intended. There are no unresisted forces in nature, mdeed, 
it is only by their constant resistance and overcoming that foices 
are called into eiereiae. 

Ild8> Vital force is not denied, but in the present state of sci 
ence it does not mean an independent principle, or force, like li eat, 
or magnetism ; ' it is a collective term embracing all those causes 
upon which the vital phenomena depend' (LiEBia). There ai-e 
doubtless gi-eat obstacles in studying tbe changes of the living sys- 
tem, but as Prof. MiiLEK remarks: ' The difficulty depends not so 
much npon the obscurity which enshrouds the nature of life — for 
the essential nature of all forces is equally inscrutable, hut rather 
upon the extreme delicacy of the arrangements by which such 
changes ai-e effected, and which are liable to injnry from a mnlti- 
plicity of causes that have hitherto eluded scrutiny.' 

1149. Having banisiied the superstition which blindly ascribed 
all things to an inscrutable vital force, and thus stopped iniiiiiry 
at the outset, science has demonstrated that living beings are not 
aliens and exceptions in the universe, but parts of its wonderful 
plan ; that they are governed by its laws, and are to be studied by 
the same methods, and with the same success, as the other 
phenomena of natm'e. 

§ II. Germ,inaUon and Cell Growth. 

1160. The Vegetalile EmliryO-— Every plant springs from a 
seed, and every perfect seed contains the rudiment of a new plant, 
called the germ, or erabryo. In some varieties it is so oompleta 
that the microscope reveals its structure— root, stem, and leaves. 
The minute plant Jies imbedded within the seed, surrounded by 
a protecting mass, which consists chiefly of starch and gluten 

thlaldeaiQodmlBBiWE? Howao foroesopamtoj 114S. Wtat is unflerBtooiJ by vlla 
force ! From wHal ntlBes tlie dlffleulty of stuliyin? the changso of tlio living eyf 
terut 114P. WtathcaaeiencedcmonBtriteai 1150. Deacribo the embryo. Wlla 
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1151 Chemistryof Gennmaton,— Thcembrjodu n gi-owtli 
der « ts no shment f om the urro nl ng hody of the seed. 
To oonveT h no shment req re a mo ng medium This 
oflice j.e formed ly v te hen o the fi st cond t on of germi- 
nation is exposure of the seed to moisture, the absoiption of which 
oaases it to swell and increase in bulk. Ent the nourishment can- 
not be transferred except in a soluble form, and the starch and 
gluten are insoluble in water. To remove this difficulty nature 
resorts to a beautiful process which necessitates the second con- 
dition of germination — ^the acceas of air. Oxygen is thus absorbed, 
and acting upoa the gluten, changes a minute portion of it into 
diastase, which, taking effect upon the starch, transforms it first 
into dextrine, or gum, and then into sugar. A portion of sugar is 
oxidized into acetic and cai'bonic acids— the temperature rising— 
and the remainder is transferred to the embiyo. This ia now as- 
similated by the germ, but it has no power to organim the ele- 
ments which contribute to its nourishment. Heat also influences 
germination. Each kind of seed requires a certain temperature, 
although it varies in different species, from juat above the freezing 
point, to 100° or 110^. Light impedes germination, the deoxi- 
dizing rays tending to fun the carbon and thua check the formation 
of carbonic acid. 

1152. Development c£ tha Embryo.— Fed by its store of nu- 
triment, the embryo ospands; one part, the radicle, shoots down- 
ward to form a root, while the other, the plumula, or stem, ex- 
tends upward to the surface, as ehowli in Pig. 393. But when the 
stem appears above the ground, and expands its earliest leaves, 

doeeFl^. aeaBhow! When doesgormlnalioo taka pUico? 1151. Wlial ncrarlsliefl 
tbooiabfyoaurjiiBgrowlh! Daacribe tbo flrst prooesa of gsrmlnatton. TLo boo- 
oud. Of what power la the gei'm deaUtulo I 11B2. What are the raiiicla and plu- 
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the plant passes into another stage of existence, and a, new order 
manifested. So longer depending for nonr- 
ifchment upon ready made food furnislied by the 
seed, it begins to esert a formative power — the 
tme vegetable function. — and produce from the min- 
eral elements of the earth and air such organized 
compounds as it may require. 

1153. Minute Mechanism of G-rowth. — Yegeta- 
ble growth tolies place through the action of certain 
bodies termed cells, which are very minute, dosed 
bags or sacs, usually ranging in size irom ;'j to y^„ 
of on inch in diameter. When uncompressed, as in 
the pith of elder, Fig. 294, or the pulp of fruit. Fig. 
2B5, they have a votinded form ; but when closely 
crowded by others, they become flat-sided, angular, 
and. elongated, Fig. 296. 

1154. Struoturo and Formation of Cells. — The 
cell consists of an outer membrane, or cell-wall, 
which incloses a lining sac, and within this is a dot 
or nucleus. In plants the outer membrane consists 
of cdhihsc, and the inner one of nitrogenous matter. 




Pulp. 



This contains a viscid, albuminous liquid called protoplasm, in 
which float numerous small grains. At the rapture, or death of 
the parent cell, these grains are set free, and each c 
the germ or nucleus of a new cell. At its surface a delicate k 



igptmtn 



d^vGoogle 



Q/Y^n built «p of tl 
•-^44^ *d °^ tricks ' 



408 

brane appears, wiicli gradually eitends much beyond the original 

germ, giving rise to the cell cavity. Ceils also multiply by division. 

The contents of the cell (I) become separated (2), and then a par- 

tition ia formed across it (3) prodacing two cells ; 

©--^ the subdivision is thus carried on indefinitely. 
1 ^ti "^^^'^ ^^^° increase, as before noticed, by pro- 
X^ ceas of budding and branching (I05B). All ihe 
ts and structures of vegetables are 
f thesa cells, much as a wall is form- 
if bricks or stones ; witli the difference that 
the living structure forms its own bricks. 

1156. The Cell WaU.— Though the cell 
membrane is without the slightest trace of pores 
J, yet, like all organic membranes, it 
IS permeable to fluids. The cell wall exhibits 
the remarkable property of retaining its liquid 
contents while it permits the free transudation of other fluids. 
The passage of the fluids takes place by osmose. The termina- 
tions of the rootlets of plants consist of active cells which absorb 
water from the soil, and this, ascending througli the fine woody 
tubes, passes through many millions of partitions before reaching 
the leaves. 

1156. Cells are the little workshops of the organized world. 
By the free circulation of fluids, the raw materials are conveyed 
into them, and there transformed into organized matter. Different 
cells are specially adapted to produce different substances ; some 
formicg starch, others oO, was, acids, &c. 

§ III. The Cheriiutry of Vegetable Growth. 

1157. Architecture of the Tree. — In speaking of geimination, 
we saw that the embryo is stamped ivJth a polarity— s. tendency 
to develop m opposite directions ; one part is to live in the earth, 
the other in the air. There is a deep significance in this architec- 
ture of the tree. Its stem, supported by widely-extended rootg, 
rises high in the air ; it divides into branches, and subdividing 
into boughs and twigs, finally terminates in myriads of little, flat, 
green plates, called leaves, which are generally mounted upon 

muMplyl 1155. HowlsthepMsageoE fluias effeotcrt? J166, "Wliat is tho offi™ 
oflheoolla? 1157, How does ths germ eihiMl polBiity 1 What te aaiSof Hieat- 
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slend f t stalks. The idea evidently la to obtam tte laigest 
am ant f urface whioli the mateiial will aftord consistent with 
tf p p degree of atrengtii Furtiermure, the atmosphere le 
e n m tion, ao that by the swicgmgof the bougls, and the 
trembling of the leaves on their elastic toot stalka, the sni-fire 
contact with the air is heigit«ned to the utmost 

1158. Not wittoatitspnrpose IS all this admirable contrivance, 
and one might well anticipate that the economy of vegetation is in 
some way closely linked with the piopertiea of the atmospheie 
A mioroscopic esamination ot the leii confirms tli)s idea by 
showing that its surfece is coveied by thou'ionds of little open 
ings {stomata), which are fitted either lor the exhalation or inha 
lation of gases. 

1159. Pood of the Plant. — "ffatei, coEtainmg dissolved a por 
tion of the gases of the air — carbonic aoid and ammonia— together 
with a minute proportion of earthy matter from the soil, is ab- 
sorbed by the months of the rootlets (spongioles), and enters the 
vegetable organism as ornde sap. In this dissolved form the min- 
eral or inorganic "world flows into the organic The mineral 
solution, npon its entrance, mingles more or less with the or- 
ganized jnices, so that unmixed, crude sap is never fonnd in the 

1160. Nourishment firom the Air. — Eiaing through the capil- 
lary tubes of the vegetable structure, the crude sap passes upward 
to the leaves. It there exhales its excess of water into the air, 
becomes condensed and digested; new products are formed, and 
the sap is said to be elaborated. But the plant derives also a 
portion of its nourishment directly from the air, in the form of 
carbonic aoid gas. Though the proportion of this gas in the at- 
mosphere is small, yet the vast leaf surface — each leaf being cov- 
ered by a film of moisture which is highly absorbent of carbonic 
acid— enables the foliage to withdraw it in considerable quantity 
itom moving masaea of air. 

1161. The largest portion of the nutriment of the plant is, how- 
ever, procured immediately from the soil. Carbonic acid, carbon- 
ate of ammonia, and nitric acid, are dissolved ont of the atmos^- 
phsre by the falling rain, and penetrating the eailh, enter the plants 

ebiteotnreoftlietree! How k Uie sutfiico oontact liei^taned I 115S EipMnthe 
design of this aiTangemenl. 116B. How does tie plant receivo Il8 fooaS 1160. 
What becomes of tliB aap! How doss tho foliage ateotl) caibonlo acid! 1161. 
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by tlie roots. Slioiild tJiay be furnished to tlis roots by decompo- 
Mtion of organic matters in the soU, these again may l)o traced 
back to the air, so that although plants may be said to receive 
their food chiefly through the soil, they deHve it from the air. 
The vegetahle kingdom, and the atmosphere which sarronnda it, 
oonsist of the same chemical elements. 

1162. Chemical Changes in the Iieaf. — The green leaves 
digest the crude sap ; they consist of living cells, which carry on 
active chemical changes, translating matte f th ' g ' t 
the organic state It was shown hv Peikstl ^ 
the last century, that tho foliage of pla t I 
sunshine gives ofl osTgen gas to the an d 
air. This m\y be -een by esposmg a f w f h ^^ ^, 
leaves to the sunshine in aa inverted gl ss 11 
filled -with watei,S'ig 398, tiie air bnbbl wh h 
arise and collect at top are osygen. Oarh d 
thus enters the leaf, and osygen is set fre th 
bon being retained. The leaves decompo th 
bonic acid, separating the carbon, which Jt d 
newly-formed organic compounds. This i p b hly 
the source of all the carbon iu plants. 

1163. Water and ammonia are decomposed to furnish the hy- 
drogen and nitrogen of organic substances ; the requisite osygen 
being supplied by both carbonic aeid and water. From these ele- 
ments the leaf constructs gum, desO'ine, starch, albumen, cel- 
lulin, and many other products which are contained in tlie elab- 
orated sap, and conveyed to different points of tJie vegetable 
organism. 

1164. Plants are thus universally instruments for separating 
osygen— machines ni dBo^dation. It is through these operations, 
and by grouping the products thus foimed, that the plant be- 
comes a constructor of organized bodies. 

1165. Formation of Acids. — How the changes talce place wo 
do not actually know, but it is not difficult to see in what way 
they are probably performed. The atom of carbonic acid may he 
taken as the stajting point. It consists of three elementary atoms, 

Whst 19 said of tlie nouriehment of the ^jlant iMmedintcly ivam Ibe aoM^ 1162. 
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if carbon, and two of oxygen. No pmt qf a vegetable or animal 
'.ainf for one atom ofeaTbon more than two atoms of 
<moflier eUmeid — most of them coataia less. OrgaDizatioa tbere- 
fore begins hj separnfing osygea from carbonic acid. Tbe vege- 
table flcida are lowest in tbe organic scale, and arise from tbe 
first steps of dooiidation. For example, carboDic acid consists 
of CO2, or COO, and dry oxalic acid of C2O3, or ^^q, If, there- 
fore, from a group of two atoms of carbonic acid, but a single 
atom of oxygen be separated, the remainder represents osalic acid. 

1166. The process may now be carried a step Iiigber, resulting 
in tbe formation of a more complex acid. If from a gi'oiip of 
two atoms of osalic acid two more atoms of oxygen are remoTed, 
and the hydrogen from tbe two atoms of water added, we have 
maUe acid O4H2O4. To produce an. atom of oxalic acid, but a 
single atom of oxjgea is set free ; for an atom of malic acid, six 
are liberated. 

1167. FEOductlon of Si^ar, Starch, Ac. — The products first 
formed are marked by an escess of oxygen, lilre carbonic acid, and 
have properties analogous to that acid. But as tbe process is cDi-- 
ried farther, a higher and neutral class of bodies appears — the 
acids pass into sugar and its congeners. To produce an atom of 
sugar an atom of carbonic acid is taten, COO ; half its osygen is 
separated, making 00 ; an atom of water is then decomposed, and 
its hydrogen made to replace the separated oxygen atom, thus 
COH. Twelve atoms of carbonic acid, and twelve of water, 
changed in this manner, give OiaHijOia, or tbe glucose group 
without its combined water. 

1168. It has been stated that this class of bodies, si'gai', starch, 
cellulin, &c., are remai-kable in having their oxygen and hydrogen 
in the exact proportion to form water, so that they may be regarded 
aa hydrates of carbon. On this view we have but to suppose all 
the oxygen remored from the carbonic acid, and tbe resulting car- 
bon joined directly to water, to esplainthe synthesis of these sub- 
stances. It will be noticed that the deoxidizing process is carried 
mnoh fai-ther here than in the case of acids: to produce an 
atom of sugar, OijHtsOu, 24 atoms of oxygen are set free. 

formecH Esample. 1163. How tht! moro Mniplei aeldB! 1187. Wlmt is ^nid of 
the produota first formed I VViat class now appcora) How are ILey proaucedl 
lies, (ilvu tlie synt^ibBls of tlis bodies. 116». Descrlba the formation of Cute and 
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1169. Produotlon of Fats and Oila — Aa these bodies con- 
tain an excess of hydrogen and o minimum of oxygen, being 
th.u3 the reverse of acids, it is obvious that the deoxidizing pro- 
cess Las been here carried much further. For the production of 
an atom of steai'ine, OiuHnoOu, 144 atoms of carbonic acid and 
98 of water must lose theirosygen, which would liberate no less 
than 326 atoms of this gas. In forming the pure hydrocarbons, 
the reductioa of hydrogea and carbon is complete, all their oxygen 
being set free. 

ino. Production of Nilrogenoua Compounds. — The forma- 
tion of these is perhaps less aimplo. The large proportion of car- 
bon and hydrogen is of course obtained by deosidation. Bat the 
comples albuminous group ia probably built up by the coupling of 
simpler compounds (923). It is supposed that all the higher or 
more comples organic compounds are thus formed ; and ' albu- 
men, casein, and the organic bases are regarded as coupled com- 
pounds, which they certainly are, although wo do not yet know 
the copula belonging to them' (Liebio). 

1171. Changes of the Staroli Group.— Physiologically, des- 
trine, sugar, starch, and cellulin are one thing. Several of their 
modifications are strictly isomeric, and they are all convertible into 
each other by the addition or subtraction of an atom or two of 
water. In a chemical point of view they might dl be fonned in 
the leaf with eqtial ease ; but their diversities of physical character 
require their production in a certain order. Destrine, gum, and 
sugar are probably fiibt foimed in tJe elaborated sap. These are 
soluble, and theretDie easily timsported from point to point of 
the vegetable organism. Oellulm is the fixed, icsoiuWu member 
of the group and theiefore caunot be produced at first; it is 
only formed where it is required to furnish tissue. Starch is a 
kind of intermediate product being msoluble, and taking the 
shape of minute grama, it is fitted to bo temporai'ily deposited as a 
kind of nutritive stock, to be redissolved and transferred to other 
places for use, wherever necessity requires. We saw an example 
of tiiis in the case of gei-mination. Stai'ch is the form in which the 
food for the future embryo is stored up in the seed, to be trans- 
formed into dextrine and sngar, and then again into the cellulin of 
the young germ. 
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1 172. Ohauges of the Albuiulnons Oroup. — In the living cell 
tlie nitrogeDousprotoplasmseerasto be the actiYH agent omiediura 
of yital changes. We saw ita power oi indue ng transformation 
in the starch group, when treating ot fomentation It forms 
tlie lining of tiie cell, and the celliilin is dej osited under its influ- 
ence to form the permanent wall or cell fabni, "When the cell is 
thus matured, its nitrogenous matter leaves it ^nd i^ attracted on- 
ward into Uio newlj growing parts. It is thus eiplained why so 
small a quantity of albuminous substance plays so all-impoitant a 
part ia the vegetable economy, and why such a mere trace of it is 
found in the woody structure of plants. The matured heart of 
trees yielfb bnt the faintest indication of nitrogen, while the sap- 
wood and young growing parts always coctdn a small proportion, 
which accounts for their tendency to rapid decay. These sub- 
stances are at length nearly aU withdrawn from the fabric of the 
plant, and laid up iu the frnit and seed. Being transferred to the 
animal system, their relations are changed, and they play the same 
pai-t that the starch group did in the vegetable structure. 

1 1 73. Plants in Apartmants.— As plants are purifiers of the air 
in a double sense, withdrawing its nosious carbonic acid and re- 
turning its life-giving osygen, it might seem that they would be 
very efficacious for this purpose in inhabited rooms. They per- 
form this office in the day time, and are also useful in exhaling 
moisture into the air, which, in houses warmed by hot air, is often 
a most important service. Bnt at night the regular TCgetable 
function is suspended; carbonic acid is no longer withdrawn; 
oxygen is no longer set free, and the eflifect of (he plant upon the 
air is due to leaMge through the leaves of the gaseous contents of 
the sap. Carbonic acid will therefore be given off in very small 
amount at night, and Just to that degree, vegetation is injurious in 
sleeping rooms. It is erroneous to speak of plants as respiHng — 
oshaling oxygen by day, and cai'bonic acid by night. 

"WTiBt o£ aiarch 1 1172. DOBotilje Uio ofBoo of tlio protoplimm. What is said of tlie 
Jlitiogenoua mattBr! Wliy floea the sapwood and young growing parts decay 
rapidly} Whiit foctheroliangesdotte llitrogenoiialN>aka nndtrgol 1112. What 
af&ce do ^ kols perfoi-iu in tbs dsytlme ! Wliat cbougs occui-e et ujght 1 To 
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CHAPTER XXVir. 

DYNAMICS OP' VEGETABLE GKOWTH. 

§ I. The Forces of Organisation. 

ll'J4, In the preceding paragraphs we have confined our at- 
tentioa to the material changes of vegetahle growtli ; we are now 
to regai^ it under the dynamic aspect, and take account of the 
forces broaght into play. 

1175. HypotheBis of I.a.tent VitaUty.— Before the establish- 
ment of pliy si Illogical science upon its present indnctive basis, 
wlien eve'rytJiing was quidtly explained by the BSsnmption of an 
all-powerful vital principle, it was held that the germ waa potmi- 
tially the tree ; that is, that all the vitul energies of a vast vege- 
table organism which had been growing perhaps for hundreds of 
years, preesisted in the embryo in a dormant state, and that the 
growth consisted only in the waiting np of this latent vitality. This 
absurd doctrine was long since replaced by the kindred notion that 
vital force exists in a dormant condition, not alone in the germ, 
but in all matter capable of becoming organized ; that the germ, 
in attracting to itself the materials of growth and iacorporating 
them into lie living strncture, only calls into activity their latent 
powei-a, and that the forces, heat, light, fee, are bnt vital stimulants 
which arouse the toipid energies of carbon, osygen, hydrogen and 
niti-ogen ; the growing cell appropriating the vital force thus set free, 

1176. Later Views—The progress of oTir knowledge offerees 
has swept away these assumptions, and shown that thesame intel- 
ligible and beautiful prinoiplea which we have found in the inorganio 
world, estend also to the organized kingdom ; that the plant is no 
anomaly in nature, but a link in her vast chain of activities, and 
only to be understood in ooniteotion with the universal soheme. 
The career of the plant is a constant and admirable illustration of 
tlie great laws of the conservation and cojTelatioQ of forces. It is 
now considered that, as the plant absorbs matter from the sur- 
rounding world, so it also absorbs force, and as it changes and 
assimilates that matter into organized and vital forms, so it also 

ivbat ejteiit are they injurioue? 1174. How ore ivo now tn oonaitler vtgoiatile 
growth t ins. 'WhBtwnBtLB old fajpoibeeiB of lalait vllnlltjl By what was It 
teplBced) 1176. What docB our knowleage of forces show ! Of whal is the career 
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asaitnilafes or converts aun-ounding forces into organized or vital 
force. Not that tlie plant deals with matter and force separately, 
for thej are inseparable ; but in appropriating matter it appro- 
priates also the forces of which it is the medium. 

1177. Storing of Forces in Nature. — Conditions of matter rep- 
resent quantities of power. Tlie solid state ooBtains the least; the 
fbrce that melts it is stored up in the liquid; while the gaseous 
form represents a still higher condition of powei-. These forms 
of matter resemble springs coiled up to sucee-sive degrees of ten- 
sion: when relaxed tlieygive back their fores. loe m like tlie re- 
laxed spring ; water like the spring pai liallj bent, and steam lilce 
the spring strained to a much higher ten-ion Aa the vapor re- 
laxes into water, it gives out the force of elaaticitj ; as it still 
further rel^ixes into ioe, it gives out the foiee ol liquidity (280). 

1178. Ovgaalo Bodiea Reservoirs of Power, — Organic snli- 
atances, like bent spriugs, are stores of force, and represent the 
power expended in sepai-ating and grouping their atoms. Accord- 
ing totheostentof the oi-ganizing process, ia the force stored away. 
In acids it b least ; in Ihe starch group it is higlier, and in the 
hydrogenated grirap highest. As the three states of matter con- 
stitute three reservoirs of power, the solid lowest, the liquid 
higher, and the aiJrifonn highest, so organic bodies may be regard- 
ed as a fourth reservoir still higher. Organic substances may fall 
directly to the mineral state, as in open combustion, when their 
force is all given out at once in the intense form of heat and light; 
or they may descend by the slow steps of decay, when the force 
is gradually released ; or again, they may be transferred to the 
animal system, and give out their power as animal force; but 
in all oases the force produced is precisely the same in amount, 

1179. Source of Germinal Force. — The economy of the plant 
is to store, and not to expend. It is fixed; that is, it never con- 
sumes force by locomotion, and never draws upon its constantly 
aooumulating stock, except in time of flowering. In germination 
we saw that the embryo is nourished by the stored material of the 
seed. But to effect the transformation and carry on new growth, 
force is required, and this is furnished by destruction of a portion 



( Give Iho comparison UBod. 1173. What Is enid o 
I to tbroel Enainples, How may thej' be regardud* 
M their torco, and whid of ilesmouiit?' U7B, What la I 
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of the organized substance of the seed. Tlie part destroyed pves 
lip its force, to be teconsumed by the growing embryo, so that tho 
plantlet at first draws upon its prepared, stook of force, as well as 
of matter. 

1180. Transfairance of Oi^aic Force.— ITatnre furnishes 
many other illustrations of this principle, in which the forces re- 
leased in dissolution are immediately utilized in evolution. The 
yeast plant iiccompanies putrefaction : 60 the ' mould ' that appears 
upon damp, decomposing bodies, and the fungi that grow upon de- 
caying wood, are lower forms of growing vegetation. Thus or- 
ganization springs directly from disorganization. As the fall of 
one arm of a balance raises the other, so the descent of organized 
atoms to the mineral state gives out the force required to raise 
otber atoms to the lite condition. 

1181. Inflwenoe of Bxtemal Foircss. — When its store is con- 
sumed, the embryo opens its leaves to the air and light, and com- 
mences to fonn organic matter out of mineral substances. This 
requires a vast espenditure of power, for which there is no source 
but the forces of the external world. These are spent in produ- 
cmg growth, and ai-e stored up as vital force of the vegetable 
organism. According to the intensity with which these forces act, 
is the vigor of growth. In the tropics, where the temperature is 
high, vegetation is rank and luxuriant, aad tribes of plants abound 
which can flourish only in torrid regions. Leaving the equator, 
and proceeding north or south, vegetation becomes less rich, and 
new varieties of plants appear with the declining temperature. 
Gomg still farther from the equator, as the forces diminish in in- 
tensity tbe vegetation becomes still more scattered and meagre, 
and toward the poles entirely disappears. The abandance of sub- 
stances which plants produce declines also in the same order. 
Tropicalplantsaboundinvariousaromatio, medicinal, and coloring 
compounds, which are not yielded by those of higher latitudes. 

1182. Again, in ascending' mountains, the same remarkable 
phenomena are observed. Leaving tropical gai-dens at the base, 
we may, ia a single day, ascend to the line of eternal snow, oross- 

llonof the plant? Prom whence does It ol>l^n force I USD. CHve eiaropleB of 
the tranaferrenon of force. WMe of oi^nlaatlon 1 1181, Deoerllje the acilon of 
tho omliryo. Where ilnea it ottain vital foice? What determines Uievigorof 

plmts! 1132. Give further esoniples. "WTiflt ie thus proved S 1183. Stato the re- 
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ing belta of vegetation corregponding to thosebetween the equator 
and the poles. Moreover, in extreme northern regions, where the 
SHU shines uninterruptedly for three months and a half, the low 
temperature and brevity of the season are c«rapsnsated by the 
constant action of the solar forces, causing the vegetable world to 
spring into life as if by magic. That the quantity of force in action 
detonnines the quantity of organizatioa, is thus proved on the most 
stupendous scale. 

1183. The same fact is further illustrated in tlie growth of 
different varieties of plants. Botr^iNeATii.T found, as a result of 
numerous observations, that from germination to maturity the 
same annual plant receives very nearly the same amount of heat, 
whether grown in the temperate latitudes, or in tie tropics. 
If the mean temperature is low, it will require more days to ripen 
than if it were high. 

1134. Vast Force Exercised by the Leaf,— Whea we look 
upon the lusuriant foliage of the tree, we caimot fail to be im- 
pressed with its beauty, but we hardly suspect that those leaves 
which flutter so lightly in the breeze are engines for the esercise 
of enormous power. Tet such is the fact, for they decompose car- 
ionic add. The atoms of a pound of carbon rush into union with 
those of osygen — they fall down the chemical precipice with a 
force sufficient to raise a thousand weights each of a thousand 
pounds, one foot high. This expresses the strength of their at- 
traction for each other, and if they are to be separated, this 
amount offeree must be again expended. So powerfully are the 
elements of carbonio acid held in combination, that the chemist 
can only separate them by the double action of a high heat and 
the most powerful afGnity; even then, only the carbon is set free, 
the oxygen remaining in a stat§ of combination. But what no 
chemist has ever been able to accomplish, is effected by every green 
leaf and every humble blade of grass ;—tiiey decompose carbonio 
acid ai common tem^ej-atures, retaining the cai'bon and setting 
the OM/gen /ree. 

1185. MoUve Power of the Plant.— But the leaf cannot 
create the power it exerts. Though a chemical engine of wonder- 
ful efficiency, it is no more self-moving than the steam engine, or 

Kult of BouSBiNOAnLT's resenroiieB. IIM. What proves that lesves are eiiglnefl 
of vast power! Dsscribe the force IvLlh -which CRrbou unLtee -wit!] oxygen. 
Compare Iho power of the chemist and tbe loaf. 1185. What ear not the leaf do) 
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the w.iter wheel. Its motive power is the siinlieam ; and as the 
steam engine moves at a rate propoitional to the amount of steam 
supplied, and ceases to go at all if the steam k cut off, so tlie leaf 
performs its work at a rate proportioned to the intensity of tlie 
light which falls upon it, and ceases to act if it he withdrawn. 

1136. la total darkness plants cannot grow; if there he hut 
little light, they are white, watery, and sickly ; and even in the 
shade, as all have ohserved, they are feeble and dwarfed. The 
leaf can only decompose carhonio acid in the day time. Plants, 
of co^irse, grow at night ; cells multiply and transform materials 
constantly, but the initial act of organization upon which all else 
depends, the separation of ca/rbon from oxygen, only takes place 
under the influence of the light of the sun. 

1187. The Organising R^on of the SpectruM.— To what por- 
tion of the complex ray is assigned the task of effecting the chemi- 
cal changes of the leaf is an interesting question. Heat, though 
largely absorbed in the oi'ganizing process, does not produce this 
effect. It was formerly attributed to tlio chemical, or actinic" 
force, but the admirable researches of Dr. Deapek proved that 
this view was erroneous. He placed some green leaves in tubes 
of carbonated water, and bo arranged them in the several colors 
of the spectrum as to ascertain, from the amount of carbonic acid 
absorbed and of oxygen liberated, how the decomposing force is 
distributed. The result proved that the change takes place most 
actively in the yellow, orange, and green colors. At the es- 
tremes of the spectrum, in the region of greatest heat and greatest 
chemical effect, the action was very feeble, or altogether wanting, 
while the amount of change corresponded to the intensity of the 
Uhimiuatlon. 

§ II. CTie'niistry of the Sunbeam,. 

11S8. In classical fable we are told that Prometheus stole a 
spark of celestial fire and warmed into life the earthly body he 
had formed. The mythologic dream was parallel with the truth of 
nature ; — the true Prometliean apai'k is the Sunbeam, which, by 
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its wonderful alctemj" triiosforms dead matter into organized and 
living forms. 

1189. Sxteut of Solar Influence.— Not only life, bnt all the 
grand phenomena of force with which we are familiar upon this 
pianet, have their origin in the sun. His radiationa govern the 
movements of terrestrial atoms, and in iheie the movementa of 
masses lake tlieir riae. Should that body cease to give out ema- 
nations, the earth would speedily lose its heat; life would disap- 
pear, vapors condense, and liquids congeal. Tliere would still 
be tidal influence, due to the attraction of the dark raasaea of the 
snn and moon, but, as tlie ocean would be solid, there could be 
only a slight movement in the atmosjihere. There might also be 
volcanic force, doe to the earth's central heat, althougii this too 
has beun held as subject to astronomic agency. 

1190. X-Sects of Solar Hoat Alone.— Were the sun to radiate 
heal atone the earth would s:ill reimiin dark, but tlie oceans would 
melt, and tides hiegin to lash the coasia. The atmosphera would 
be rarefied unequally as now ; storms wotUd arise, a:id there would 
be the motive power of wind. Water would be conTerted into 
vapor, and condensed into invisible olonda and rain. Streams would 
channel their way lo the sea, and falling in ca'ai-aots, would give 
rise to water power. TIis dc'scending floods, bringing down the 
sediment, woujd gradually lower the continents and All up the 
oceans, while the tides would gnaw away ihe slioree; ihe dis'ri- 
buiion of land and water would he changed, and iln re would be 
all the esiens ve eff c a of aqueous, geolog o agency. 

1191. Fur hermore tl e el o cal coed tio s of matter would 
he dismrbed tr p cal ornadoe and ti e m Ider storms of the 
tempera e lat tudes would ba aco n i a ed with thunder and 
lightning; the unequal hea ng of I e ea h n ils daily rota ion 
would give r se o lerno Ic oc ren s anl these would pro- 
duce magneti-^m. All these resulla would flow from solar radia- 
tions quickening the motions of earthly atoms, so that ice wo. .Id 
change to water, ar;d water to vapor. 

1 192. BSect of Increased Solar Action. — If we again suppose 
the energy of solar radiation so esnlted that light is emii-ed wiih 
heat, the higher phenomena of organiia-ion become posaibl '. 
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"With tlie introduction of plant gevma, the vegetable ■world wonld 
be called into being by the vitalizing cliemistry of the snn. The 
animal world, dependent upon the vegetable-— consuming its mat- 
ter and its force— oonld thea appeal- with all its multitudinous 
^rms of power. The burning of wood and coal would also giva 
gteam power. Thua, in addition to all the forms of mechanical 
njoyement upon earth, its very energies and impnlses of life origi- 
^te ia the sun. 

1193. The Osrganio Kingdom, a Magazine of Force, — The 
vegetable world, born of the atmosphere, consists of condensed 
gases. The animal world, derived from the vegetable, is also but 
solidified air. Bo the food that we consume, the clothes that we 
wear, the hoases in which we live, the fuel that wai-ms us by the 
fireside — that transports us to distant places with lightning speed, 
and labors for us in a thousand ways, are ail nothing but con- 
densed air. The sunbeam is the agent of condensation, and thus 
the organic world presents itself as a vast magazine of solai- force. 

1194. 8o the coal deposits — the carbonized remains of a vege- 
tation which flourished long before man appeared upon the globe, 
wel'e condensed from an atmosphere richer in carbonic acid, and 
perhaps by a more brilliant sun, and yet, this coal, having slum- 
bered in its ancient bed through uncounted eras of time, now comes 
forth to surrender its ethereal agents, light and hea^ and return as 
carbonic aoid to the air i^om whence it came. 

1195. The Sunbeam, the AntE^onist of Oz:3r^en. — "When treat- 
ing of osygen it was stated that this element enshrouds the globe 
and tends to unite with and bring all things to rest, so that if the 
earth were left to the action of its own forces, life would C[uickly 
disappear, and leave the world a desert. But the earth's vegeta- 
tion is the beautiful instrumentality by which this action is arrest- 
ed. The leaves extract poisonous carbonic acid from the air, de- 
prive it of the elements it had seized, and return it again to the 
atmosphere, while the forces which impel these changes are the 
beams of the sun. These are the great antagonists of osygen, 
Uader ite influence organized matter is rent into its elements and 
carried down to the mineral world ; under the influence of the 
solar rays it ia again raised to tlie organized condition. If osygen 
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dilapidates tliey ronovate ; if that dooomposes and breaks down, 
tliey constraot and build up; if that ia seen in tho falling leaf of 
autnmn, they ars proolnimed in the exuberant foliage and blossoma 
of spring. If oxygen is the mainspring of destrnction, wasting, 
burning, consuming aH tilings — the solar rays constitute the 
mighty force of counteraction. They reunite the dissevered ele- 
ments, and substitute development for decay, calling forth a gloi'y 
from desolation, and life and beauty from the very bosom of death, 
1195. It Is the Motive Power of the World,— Thus is the 
earth warmed, illumined, magnetized, and vivified by the sun. In 
the fall of tlie avalanche, the roar of the cataract, and the flow of 
rivers — in the crash of thunder, the glare of lightning, and the 
sweep of tornadoes — in the blaze of conflagration, and the shock 
of battle — in the beauty of flowers, of the rainbow, and the ever 
shifting clouds— in days and seasons, the silent growth of plants, 



in the sail-impelled o 

the heavy respiration of the 
id cliok of the telegraph ; 



and the elastic spring of animals — in 
driven ship, and the flying train- 
laboring steam engine, and the rapid 
the myriad manifestations of earthly power, we behold the trai 
muted strength of the all-energizing sun. 

1196. Amount of Solar Radiation. — And yet the entire poffer 
displayed upon the globe is as nothing compared to tho vastriess of 
of its source. The,earth arrests but the g.jinr.jrmi-.inni of the whole 
amount of foree that the sun emits. The total heat received by 
tlie earth would be sufficient to boil but SOO cubic miles of ice- 
cold water per honr, while the entire amount radiated by the 
sun would boil 700,000 milUon cubic miles of ice water in that 
length of time. The sun ia 1,400,000 times larger than the earth, 
yet the force generated upon each square foot of his surface is 
equal to 7,000 horse power per honr. 

1197. Stupendous as is this scale of power, it again sinks into 
iuMgniflcance, when we remember that our sun is itself a star 
— that it is but one of the countless millions of suns which fill the 
immeasurable spaces ; — each a fountain of energy of the same nature 
as that around which we revolve, and upon which we more imme- 
diately depend. Thus in the strictest sense the earth borrows its 
life from the stars. 
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1198. The Universe Culminates in Life. — If Astronomy hoa 
revealed to ua a universe of unspeakable grandeur, Chemistry has 
linked tlie mighty mechanism to the course of terrestrial life. 
She teaches us not only that the leaves and flowera are distilled 
from the crystal medium in which tliey dwell, hut that they are 
tissnes woven in the loom of the nniverse — their warp the subtlest 
ethers' of earth, their weft the radiations of the stars; not only 
that tiie leaf is the crucible of vitality, whose mysterious alcbemy 
is interposed between ourselves and death, bnt tliat it is the won- 
drous meclianism appointed to receive and gather the life forces 
which God is perpetually ponring througii His nniverae. 

1199. — It is a fine suggestion of HrwBOLDT that if we could 
imagine those movements of the stellar universe which take place 
in long periods to bee. impressed into ashortspaceoftime, and wore 
we endowed with telesoi>pio vision to behold them, we shonld then 
vividly realize that thei-e is nowhere sueli a thing as rest. The 
stars which we tarmfixed would be seen all ia motion; constella- 
tions drawing together; clusters unfolding and condensing; nebulfs 
breaking up and universes melting away — motion in every pait of 
the vault I'f heaven. Could we then be permitted to gaze into the 
living organism upon earth — plant, or animal— we should behold 
a kindred spectacle ; Ihe constituent atoms in ceaseless movement 
— comhining and separating — groups (.'issolving end reaixangicg, 
and all circulating in orderiy and determined patlis— moDsnwni in 
every point of the vital organis^i. Thus the motions of the ever- 
lasting sans, shot in radiant forms across the universe, reappear in 
the movements of oi-ganic being3._ The unity of the scheme is un- 
broken — the harmonies of earthly life are hut cadences of the 
' music of the spheres.' 

the nalupo of celestial ratliatloin. 1198. What is sslil of A^l.ronnmy naA Chem- 
fatryf "Whnf di>c9 Ihe lalloi- lench usf 11S9, lleniiOR the eugg^sfoi vt Onii- 
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CHAPTER XXVIII. 



§1. Changes of Food in the Mouth. 



1200. — Matter organized by tbe plant is 
mal to form its fabric and maintain its functions. It ia to be con- 
verted into blood, the source Dpon which tbe whole system draws 
fur whatever it requires; but for this purpose food must be com- 
pletely transformed. Wo one element of diet contains all the 
necessary materials for the use of the adolt ; various articles must 
therefore be mixed. Some of the elements of food are incapable 
of farming blood— these require to be separated. To effect these 
important changes in food is the great purpose of digmtion, which 
niEiy be divided into three distinct and successive stages. 

1201. Necessity of Saliva.— As in chemical analysis the lirst 
step consists iu crusliiug to powder the materials to be acted npon, 
BO, ftt the threshold of the digestive process, we find* an ndmirabie 
contrivance for crushing and reducing the food. It consiata of a 
double system of teefh, so placed and shaped as to combine cut- 
ting, crushing and grinding, through vertical and side inovementa 
of tbe lower jaw, and made to work against each other by power- 
ful muscles. But no amount of mechanical action alono can 
liquefy solid alunent. To do this a solvent is required, and this 
oiBce is performed by the saliva, which is separated from the blood 
aud poured into the mouth by three pairs of glands. 

1202, Properties. — The salivary juice is a faintly blue, glairy 
liquid, readily frothing. In liealth it is always alkaline, from tlie 

e of salts of soda, potash and lime, but its alkalinity ia- 
■3 during and after meals, while in prolonged fasting it be- 
1 almost neutral and in some inflammatory diseases it is acid, 
n organicprineiilenamedjjtynJJn, an albuminous sub- 
stance very prone to putrefaction The tartar which collects upon 
tbe teeth is the residue left by evaporation of the water of the 
saliva, and consists of ea thy salts cemented together by animal 
matter. 
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1203. Uses. — Saliva serves to lubiicnte the mouth and moisten 
the food, so that it may assume the pasty condition. It is indis- 
pensable to the seuse of taste, as all food is tasteless which the 
saliva cannot dissolve. It also begins the operation of digestion. 
It converts starch into sugar, and sugar into lactic acid. If a 
little pure ataroh be obewed for a short time, it will become 
sweet ; a portion of it has been changed to sugar. The importance 
of thoroughly masticating our food, especially the starchy kind, is 
thus apparent. Saliva ezei'ts no digestive action upon the nitro- 
gcuous aliments. 

g II. Changes of Food in the Stomach. 

1204. structure of the Stomach. — The masticated food is car- 
ried by the act of swallowing (deglutition) into the miyphagua (gul- 
let), which conducts it downward into the siomaeA. This is a pouch- 
shaped enlargement of the digestive tube, with the foi-m shown in 
Fig. 803. The capacity of the human stomach varies, but on an 
average, wheh moderately distended, it will hold about three 
pints. Its walls consist of three coats ; the outer is known as the 
screws memlrane; the middle consists of two layers of muscular 
bands and the third io the mucous mewthrane, which lines its in- 
tern 1 suiface and a of much greater estent than the outer coats, 

^ ^ ^^ 1206. Meohamsm of Secretion. — When 

tl e lining membrane of the stomach is mag- 
n fled about 70 diameters, the raucous mem- 
b ane eshibits the honeycomb appearance 
n Fig. 301. Into these reticulated spaces 
5 there open little cnp-sbaped cavities called 
i AS -'/"^^ ^i" itch Tollicles, which are about 2^5 of an 
"^ inch in diameter. Fig. 303 represents the 

laoai - a nf stomaeh, magnified secreting follicles from the stomjich 
of a dog ( d the mouths opening upon the 
surface e f the closed tuhes mibedded in the memhrane below. 
The walk of these cavities are webbed over with a tissue of most 
delicate blood vessels, carrying streams of blood ; a network of 
veins surrounds their outlets upon the surface of the membrane, 
while nerves innumerable pervade the whole arrangement. 

1205. The office of these follicles is to separate from the blood 
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the digestive fluid of tha stomach, This is dono by cell growth. 

At the bottom of the cavities, in the little _ ^ 

tabular roots, cells arise ia immense numbers 

Nourished by the blood, they multiph and 

swell until they ai-e driven up in crowds to the 

surface, where they burst and deliver then 

contents into the stomach. 

1207. The Gastric Juice is a limpid, col 
orless, and always distinctly acid fluid, secre 
ted by the cells of the stomach follicles Its 
acidity is chiefly due to chlorohydrit, acid 
though lactic aoid is commonly present It 
contains a nitrogenous body called pepsin, 
or fei-ment substance, of which but little is 
tnown. LiEBia does not consider it as a pe 
cnliar digestive agent, but as formed of mi 

niite parts of the mucous membrane of the stomicb sfeparated and 
in a state of decomposition, Tliis substince, acted on by the osj 
gen swallowed in the frothy saliva, escites the digestive termen 
tation attributed to pepsin. The composition of the gastno juice 
Taiies in different kinds of animals, and seems adapted to difie ent 
kinds of food, 

1208. Its Action. — If coagulated whiteof egg be placed in water 
acidulated with chlorohydi-ic aoid, no solvent action takes place at 
common temperatures for a long time, though at 160° a slow dis 
solving effect begins. But if a little pepsin be added to the liquid, 
the solution goes on actively. An ounce of water, mixed with 
twelve drops of chloi-ohydric acid and one grain of pepsin, will 
completely dissolve the white of an egg in two hours at the tem- 
perature of the stomach. It acts in the same manner on cheese, 
flesh, and the whole nitrogenous group, but has no solvent power 
on non-nitrogenous matter. Gastric juice, withdrawn from the 
stomach, produces the same effect, though by no means so rapidly 
as in the stomach. 

1209. Peptones. — In digestion nitrogenons matters arc not 
only dissolved, but remain dissolved. They seem to be modified ia 
some peculiar way, and to this state the name peptone has been 
applied ; thus albumen produces an albumen peptone ; fibrin a 
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IB notion of the gastric 



d=,Google 



426 PHYSIOI.O&ICAL 

fibi'ia peptone, and casein a casein peptone — substancea whioli 
continue dissolved after tlie solTcnt is witlidrawii. The presence 
of oily substances has been shown to be essential to tlie formation 
of these products, and therefore to stomach digestion. 

1210. The quantity of gastric jnice secreted is very large. The 
hourly destrnction of fibrin throughout the system in average 
mnsculai' action has been a^umed as 62 grains, and it has been 
found that 20 parts of gastric juice dissolve <ine part of dry nitro- 
genous matter. To digest this quantity, soma 60 or 70 ounces 
are required. It is, however, questionable whether the gasti'ic 
juice is sufficient to dissolve all the nitrogenous matter required 
for the system. 

1211. Motiana of the Stomach.— The food, as it enters the 
stomach through ths cardiac orifice, Fig. 303, is immediately sub- 
jected to apeoaliar movement, by which it ia thoronghly intencised 
with the gastric fluid. This motion is produced by the alternate 
contraction and relasation of the muscular bands, which produce a 
constant agitation or churning of the alimentary mass. These con- 
tractions cause the food to revolve round the interior of the stom- 
ach in from oue to tliree minutes, but as chymification advances, 
the rapidity of the motion is increased. The combined effect of 
the agitation and of the mingled solvent is to reduce the solid food 
to a unif irm pulpy, semi-fluid masa called chyme. 

1212. Iiirait of Btomaoh Digestion.— The opinion long enter- 
tained that the stomach is the exclusive eeat of digestive changes, 
is now abandoned. "We have seen that foods ai-e divided into two 
great classes, based upon essential differences of chemical compo- 
sition, viz. : the nitrogenous and the non-nitrogenous. This dis- 
tinction reappears in digestion. So different are these two kinds 
of aliment that they require totally different, nay opposite agents 
to dissolve them. Digestion commences in the mouth with an al- 
kaline hquid upon the non-nitrogenous portion of the food ; pro- 
ceeding to the stomach, it meits an acid the changes begun in 
the mouth are arrested; the alkalme saliva is neutrihzed, ■ind 
action begins on the nitrogenous compounds 

,1213. Absorption from tliB Stomach — The liquefied food ea 
ters the circulating vessels by absorption and posses mto tho 

Wbatof peploncBl 1210. What is aa d ot He qumt ty ot gaati o ucesBdetdi 
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blood. This is proved ty tie faot that when the outlet of the 
stomaoh ia closed by tying it, water which has been swallowed 
disappears rapidly from the organ, and medicines act upon the 
system almost as promptly as under natural oircTimstances. In the 
same way portions of sagar, lactic acid, and digested nitragenous 
aubatances, pass into the blood by absorption tlirongh the stom- 
ach veins. The remainder of the contentsgradnally oozes through 
the valvular opening that leads into the intestine. 

1 21 4. Why the Stomach does not Digest Itsel£ — To the ques- 
tion often asked, Wliy the gasti'ic secretion does not dissolve and 
digest the stomaoh itself, it has been triumphantly replied that the 
' vital force ' of the living etomaeh prevents such a result. But 
Ber^jahi) and othei's have proved that the vital force offers no such 
resistance. On insei-ting the hind legs of a live frog into tlie 
stomach of a dog, through a fiatuloua opening, the flesh is almost 
as rapidly dissolved as though it did not belong to a living animal. 
The resisting power of the stomach is due to a sheath of mucus, 
and to the continuous formation of protecting cells, called epthe- 
Hum, during tlie procesa of digestion. 



§ III. Third Stage of Digestion. 

1215. Intestinal Digestion,.— The partially digested food, dis- 
missed from the stomach, enters the duodenum, or first portion of 
the intestinal traet, where the process is flnisbed. The general 
scheme of the digestive tract is represented in Pig, 303. Into the 
duodenum two small tubes or duets open ; one leading from the 
liver and pouring in Mle, and the other fi'om the pancreas yielding 
■pancreatic juice, the first being much larger in quantity. 

1216. The BUa is formed in the liver from the Tenons or dark 
blood, and is accumulated as gall or cyiUo Mle in a sac called the 
gall iladder. Human bile is a bitter, yellowish-gi'een, ropy liquid, 
of a nauBeating odor. Its viscidity is due to the presence of 
mucus from the gaU bladder, which gives it a tendency to putre- 
faction. Bile contains a small proportion of nitrogen and a nota 
ble amount of sulphur. In constitution it mav I e le^a ded as a 
species of soap — a combination of fatty acids w th all a! es 
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1211. Ox "bile consists of two resinous acids combined witli 
soda ; tbe clwlia and choleic acida. Tawrin. is a highly sulphurized 




crygtalline bodj, obtainable from bile by the aoticm. of acids. 
Choleaterine is a crjstallizabie, fatty constituent of bile, of which 
it forms only yshiv P^'^- ^"^ ^^ ^ important as, from its insolu- 
bility, when OEce deposited, it cannot be reabsorbed. Hence, a<:- 
cumulating in the gall bladder, it fonns the chief ingredient of 
gall itones or Mliary calmli. It is a constituent of Wood and 
brains. 

121S. The Pancreatic Fluid somewhat resembles the saliva. 
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It is alkaline, and rapidly dianges tar h u t ; it serves 

therefore to complete the digestion f mjl us uhstances. 
"When agitated with oil, it forms a ve j j 1 t ml n, and un- 
doubtedly promotes the absorption of iy b d 

1219. Besides the 'bile and pancr fl d th walls of the 
intestine poor out an intestinal juic By th tl e alkaline 
agents the digestiua of the mouth is um d St h is rapidly 
changed to sugar, and sugar to laelic d Alth gh the secre- 
tions poured into the intestines are all alkaline, yet lactic acid is 
BO rapidly produced that the infestins] mass quickly becomes 
acidnlous. The conditions are thus furnished for tlie diges- 
tion of the nitrogenous substances that are not dissolvud in the 
stomach. The changed food is here termed ehyh. 

1220. Intestinal ATworption. — Those substances which are 
dissolved in water in the intestines are taken up by the veins, 
while the oily and fatty matters, which are less perfectly dis- 
solved, are absorbed by a special arrangement of vessels called 
the Ucteah ; these are extremely fine tubes, arising in the intes- 
tinal coats. The liquid which enters the laoteals is white, millc- 
like, and rich in oil. Thcie vessels are gathered into knits or 
glands, so as to be greatly prolonged without consuming space. 
They finally gather into a tube called the flioracie duet, and pour 
their contents into a large vein near tte left shoulder, and thus 
into the general circulation. 

1221 The Blood.— The series of changes just described has 
foritsobj ttl p p t nf m the food of a nutritions fluid to 
d growth to al! parts of the 
d the apparatus of tubes (Mood 
termed the cironlatory system, 
animals, the blood is red, being 
f om the arteries, but of a. deep 
I the veins. It is unctuous lo the 
saline taste, and an alkaline 
f m the body, the blood appears 
to tlie naked eye a uniform red liquid ; but when esarained by the 
mioroseope it is seen to consist of two distinct parts — a clear and 
nearly colorless fluid called the plasma, and an immense number 

Is the puncrealic fluia ( 1219, Es plain the completion of digestion. 12£0 Howls 
tDteetlnsl aljBotplion effboted ! Wbatof thelacteols, glauds, &o. ? 12E1. State the 
obJeelofBll tbeeodiangBst What Is Ite elroulBtory ayelem 7 1223, Desoribe the 
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of minute, rounded red particloa floating iq this liquid, whicli are 
^_ „„. knowaasiloodglohtleSjOrhloodcOT' 

puHfUs. These, vary greatly in size 
and form in different animals. In 
man they are flat discs, wbicli have 
I diameter of atoiit the g^Vtr of 
an inch, and are one fourth as 
thick. The corpuscles consist of 
I a thicli albuminous membrane call- 
ed globulin, filled with a red eoloi - 
ing matter, termed liemixUn, m 
■wliich iron is a large element 

1223. Ooagulation. After the 
blood has been removed fiomthe 
body fof a short time, it sponta- 
neously coagulates, sepai-ating into a dark red jelly, or dot (eras- 
samenium), and a pale colored elimy liquid {serum). Coagalation 
is caused hy the change 
of soluble fibrin, contained 
m blood to the insoluble 
state The clot consists of 
fine fibrous threads, en- 
I dosing the red corpuscles, 
I ¥]g 305 It was foi-merly 
supposed to be owing to 
the death of the blood, 
but the "iflme effect is con- 

a6, filiiTS formed In coagulHtad blood a discs stantlytakingplace within 

the body as the liquid 
fibrin of the blood is deiosited to pioduce solid flesh. As the 
fibrin coagulates it foims a fine netwoik 01 leily throughout 
the liiiuid, whidi entangle'' and encloses the led corpuscles. It 
also contains a poition of the seiam which m ly be removed by 
pressure. The serum uin^i'its of watoi albumei, fatty matter, 
and Tarious salts 

1224. CompoBition — This vai es with •ige les, and the state 
of the individual The chief constituenti ot the blood of man, 
according to Becqubbbl and Eodieb ire as fnllowi : 
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Water, ? 76.00 

Fibrin, ..... E,20 

Fatty Matters, 1.60 

Albumen, . . . . . 69.30 

Bliibd Corpiisoles, .... 141.10 

Estractive Mitttcca, .... 6.80 

1000.10 



CHAPTER XXIX. 

FINAL DESTINATION OF FOOD. 

§ I. Animal JVutriHon. 

1225. In the present chapter we consider the final uses of food 
— the sequel of the course of chemical changes unfolded in the 
preceding pages. Plant products were divided at the outset into 
two groups, the nitrogenous and the non-nitrogenous. "We next 
found a twofold digestion conforming to this distinction, and we 
are now to find that this fundamental difference is observed in 
their ultimate uses. The nitrogenous class serves the purposes of 
nutHiMn, the formation of structure ; the non-nitrogenous serve 
the purposes of respiration, and are chiefly devoted to the produc- 
tion of animal heat. 

1226. The Iiiving Body a Furnace. — The living body is a reg- 
ulated furnace. Its constituents are combustible : a vital Are is 
sustained in the organism from birth to death, and the inhalation 
of oxygen is the draught by which it is supported. But this com- 
bustion must tate place in such a manner, that other important 
objects can be accomplished; while heat is to ba constantly main- 
tained in ' the house wo live in,' the structure must not be burned 
down in the process. 

1227. Kitrogen is incombustible, and lowers the combustibility 
of all coinpotinds into which it entere. Even hydrogen and phos- 
phorus !ose their coinbustibiHty by union with nitrogen. The 
nitrogen of albuminous compounds, which gives them a low com- 
bustibility, adapts them to form the bodily structures which are to 
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have a certaia degree of permHneace. "Whnt the^ iron is to the 
stove, the nitrogenous tissiiea are to the living body ; they enclose 
aod retoia tbe non-nitrogenoTis as fliel. Both the fuel and the 
structure are essentiaDy ijonibustible ; the stove 'hurna out' in 
tiiae, and the hodily tissues waste continually ; but the difference 
between the two ia BufBcient for the great purposes of the animal 
economy, LiEBio remarks: '"Withont the powerful resistance 
which the nitrogenous constituents of the body oppose, beyond 
all other parts, to the action of the lir life coald not subsist.' 

1228. OfEoB of Albumen — Whe i it was discovered that albu- 
minous substances are s mer c and convertible, and that they 
originate in the vegetable k ngdom the i oblem of animal nutri- 
tion was at once and greatly s mplified Albumen was found to 
be the universal starting jont ot in ni'd nutrition— the liquid 
basis of tissue and bodily development This is strikingly illus- 
trated by the process which takes pi ce in the bird's egg during 
incubation. Under the infl ence of wai mth, and by the action of 
osygen, which enters through the porous shell — the same condi- 
tions as those which accompany respiration — all the tissues, mem- 
branes, and bones (by the aid of lirne from the shell) are devel- 
oped. The foundation material from which they are ail derived 
is albumen, and from this also originate the growth and constant 
reprodnction of our own bodies during life. 

1229. Nutrition of the Tisausa.— The nutrition of the animal 
structures is, therefore, in a chemical point of view, a very simple 
process; albumen is changed into fibrin, and fibrin to tissue. Al- 
bumen coagulates into a brittle mass, but fibrin, as we have seen, 
coagulates into tough, thread-like fibres, so that blood in which it 
is dissolved has been very properly called ' liquid flesh.' The re- 
lations of albumen, fibrin, and fiesh have been aptly compared to 
those of raw cotton, the spun yam, and the woven fabric. The 
converaion of albumen into fibrin, which commences in the lacteals 
and continues m the blood, is therefore a simple flesh-forming pro- 
cess The pioduut necessarily remains in a liquid state, that it 
may be distributed by the circulation into all parts of the system, 
w hile it gradually coagulates nto m sc lai tissue. Cell growth is 
the instrumentality of change 

bualilililyt SlitB tho conpariao W&n ia t eejg's remark) 3228 V/hM 
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1230. Limit to the Nutritive Power.— Tli ere is iio evitlence 
that the living Bjatem has the power of converting one element 
into another. It may transmnte compounds of similar constitution 
one into another, and it can destroy snhatances by a progressive 
series of changes, giving rise to new products at each descending 
step. But it can neither work upward, lOte the plant, nor com- 
hine for its own nse materials that are present. The dissevered 
constituents of used-up tissues esist in the blood, but it is entirely 
incapable of reconverting them into tissue. Nor has the body the 
power of transmuting the non-nitrogenoua group into the nutritive, 
or of enabling the former to replace the latter in the esigences of 
the animal economy. It cannot mate starch do the wovk of glu- 
ten. That nutrition consists essentially in the assimilation of al- 
buminous bodies, is now one of the best established principles of 
physiology. 

1231. Yet the respiratory substances, though incapable of 
forming tissue, may yet essentially md nutrition : such is the case 
■with the fats. If the conversion of albumen into fibrin is incom- 
plete, the tissues are imperfectly nourished. The formation of 
tubercles in the lungs, which gives rise to 'consumption,' ia due 
to this cause, as tubercular matter consists of half-foi-med cells 
and coagulated albumen deposited in the pulmonary liaaue. The 
cause of this abortive natrition is not the lack of sufficient nitro- 
genous matter to nourish tissue, but of some other principle. It 
has been recently maintained that it is due to a deficiency of the 
oily matter which is necessary for the formation of cells, and the 
growth of healthy stracture. Ood liver oil and a free use of the 
fatty kinds of diet are recommended for such cases. 

1232. Nitrogenous Diet.— None of the alimentary principles 
taken aJone will support life ; a mixed diet is therefore required. 
But the proportion of the ingredients varies in different circum- 
stances. Severe exercise rapidly consumes the tissues, and neoea- 
sitates a diet rich in nitrogenous principles. In childhood there 
is a double demand for these constituents, to supply the constant 
waste and promote growth. Milk, rich in nutrient matters, ia the 
food ftirnished them by nature, and when replaced it should only 

ondoreellgrawth! 1230. Btato tho power of the Uvlngsynlem. Of whot isitio- 
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1)6 by ft generous, 'blood-prodiioing diet sucli as milk, bread, meat, 
eggs. There is apt to occur in children a deficiency in phosphate 
of lime from the rapid formation of hone, and as the articles jast 
mentioned contain an esceaa of phosphoric acid, lime water ia 
often n good addition to their food. 

1233. Hespiratory Foods. — The respiratoi'y principles taken 
into the system are either burned at once in the blood for the 
production of heat, or they aconmnlate as fat. The demand for 
them varies with temperature, which depends upon season and 
climate. In summer, or in. the tropical re^ons, where the tem- 
perature of the surrounding air rises nearly if not quite to blood 
heat (98°), there can he but slight necessity for generating heat 
within. Under those circumstances a diet of vegetables and fruits, 
with a low proportion of carbon and hydrogen, is selected by in- 
stinct. On the other hand, in winter or in the polar regions, where 
the temperature falls 100° or 150° below that of the body, a rich, 
heat-producing diet is req^uired, and man instinctively seeks for 
fatty and oily foods. In northera regions blubber and oil ai'e 
consumed in vast quantities. The greater density of the air in 
these cases also increases internal oxidation and the consequent 
beat. 

1234. Nutritive Value of Food.— The first step iai detennin- 
ing this is to remove the water, which varies in amount from 10 to 
98 per cent.indifferent kinds of food; theyarethusreduced tothe 
same condition. Its nutritive value is then determined by a com- 
parison between the qnantities of the two classes of ingredients. 
Bnt the respiratory substances vai-y in heat-producing effect ; 10 
parts of fat equalling in this respect 24 of starch. By multiplying 
the fat by 2.4 it is reduced to its equivalent in starch. Thus the 
9 per cent, of oil in Indian corn is equal to adding S3 per cent, to 
its real amount of starch. On the contrary, albuminous substances, 
whether in the form of albnmen, gluten, or casein, have equal nu- 
tritive powers. Hence, by comparing the nitrogenous constituents 
of food with the respiratory, reduced to the expression for starch, 
we can determine the adaptation of any article of diet to the two 
great functions of the living system. The following table from 
LiEBiu presents the comparison : 
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Bye flouv " 

Potaloea (white) " 
Potatoes (blue) 

Bucktvbeat " 

The above caa be regai-ded only as an average aud approximate^ 
statement. There is much variation in the proportions of the same 
class of substances, as we see in potatoes, and it must be still 
greater in different samples of the same kind of meat; nor can any 
such statement be relied upon as of itself a sufficient guide in the 
matter of diet. Still it is useful and rich in snggestions. Milk, 
for example, is the diet of a growing animal. It must furnish ni- 
ti-ogenoua material both for current waste and for increased devel- 
opment; hence it abounds in the curdy ingredient. But its prop- 
erties are admirably modified to suit special circumstances. Of 
all the young of the animal world, none lead so qniet a life, or 
advance so slowly to maturity, as the human infant ; therefore hu- 
man milk is less rich in muscle-forming constituents than that of 
animals — the cow, for example, whose young develop more quick- 
ly, and exert themselves much earlier, 

1235. TSetaiaotpb.oaia of Tissue.— Some substances have the 
power of influencing tiasne changes without properly participating 
in them. Some increase metamorphosis; others check it. Com- 
mon salt, for example, and an excess of water, act as hasteners of 
transformation, while alcohol and tea act as arresters of ehange. 
If we consume those substances which augment waste, it is said 
we require a fuller diet to compensate for the extra loss, or the 
body declines in weight with more rapidity than otherwise, But 
if wo employ the arresters of metamorphosis, we save tissue. 
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nnd can maintain our usual strength and weight on a more slender 
diot. The subject requires further elucidation.* 

§ IT. Hespiration a/ihd Circulation. 

1236. Destructive Force in. the System. — Reparation of the 
body implies its waste ; nutrition presupposes destruction. Ali- 
ment is constantly supplied to the system, because it is constantly 
coBsumed. The tissue is the seat of a kind of polarity ; waste and 
supply ill the Wealthy adult ore equal and opposite forces. 

1237. — As the body does not increase in weight, though mat- 
ter is constantly added to it, the destractive process going on 
within must be sufflciently active to use up and can'y away the 
same amount of matter that ia supplied through the channels of 
nutrition. The source of this perpetual waste and destruction is 
the act of reipiraUon, by which air is brought into contact with 
every portion of the animal fabric. 

1233. Nature of Heaplration.— The relation of animals to the 
atmosphere ia of the most dii-ect and vital nature. AH the pecu- 
liai- processes which take place in the animal structure and which 
we call Ufe, are set in motion and kept in motion by atmos- 
pheric oxygeu. Its effect is exerted upon the body through the 
medium of the respiratory organs. The action of oxygen isesaotly 
of the same nature in all animals ; but the structure and arrange- 
ment of the respiratory mechanism differ according as they are 
destined to be acted upon by osj'gen in the condition of a gas, or 
in a state of solution in water. Animals inhabiting the water have 
their breathing organs outside the body ; in dr-breathing animals 
they are within. Ia marine animals they are termed ironcMa or 
gilU, and are composed of feathery filaments, or tufts of blood 
vessels, situated estemally, so as to be acted on by air contained 
in the water. The higher animals resphe by lungs, which consist 
of membranous hags lodged within the body. They contain mil- 
lions of air cells, which are connected with the atmosphere by the 

* For a much more eiteriaeS aiscuasion of the pliyslological eifocte of fooJ, tim 
fltutleiit ia refen-ed to the author's " HouBohold Science." 

tern require tooJ ) Wist of its forces? 1237. Whiitiatte eifentof the destractive 
foroof Itesoui-cet 1238. Wtal is the relslion of osjgantolife? ItBmedhimf 
llowdo tlio reaplratoi7 organs diftbt! Desciilio tlie gilln. LiinfiB. l!3a. How 



d^vGoogle 



437 

trachea and its brandlings, and ara suiTounded by a delicate mem- 
brane many times more extended than the surface of the body. 

1239. The lungs completely All the cavity of the chest, so that, 
by the alternate expansion and contraction of.^the anrronnding 
walls and floor, they are correspondingly enlarged and diminished 
in size. The contractile pressure of the chest drives the air out 
(ea^iraiion), and when the muscles are relased, the external pres- 
sure of the atmosphere forces it back again (inspiration).. 




1240. Circulation.— Air, entering the iungs, fills and distends 
the numberless little aii" cells. The enclosing membrane is over- 
spread with the finest netwoi-k of capillary blood vessels. Peoe- 
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trating the membrane, oxygen enteo the Mood, and, imparting to 
it a briglit ci-imson color, ruahegforwawl with, it toward tlie heart. 
From, the heart the blood passes through, the arteries to all por- 
tions of the body. These arteries divide and subdivide until they 
ai'e reduced to the finest tubes, which are densely interfaced 
through all parts of the body. As they are distributed through 
the system, they are called syst&mic capillaries. In these vessels 
the osygen is chacged to oai-bonio acid, and the arterial blood to 
venous blood. Passing forward, it is gathered into the veins, re- 
turned to the heart, and then driven back to the lungs. Hero the 
carbonic acid escapes through the membranes into the air cells ; it 
then diffuses into the bronchial passages and is expelled into the air. 
1241. Kg. 806 is an ideid representation of the double circula- 
tion in man. The fine lines at the top represent the capillaries of 
the langs; and at the bottom those of the general system. The 
double circulation is shown, and its relation to the heait. The 
vessels on the right side represent the arteries caiTying blood 
charged with oxygen, and those on the left side the veins convey- 
ing carbonic acid. 

1243. Oxidation throughout the System.— It was formerly 
exposed that oxTgin c mbin dwith caibcnanlbT]icf,en directly 
m the 1 m^s but it has been proved thdt animals resp mg pure 
hjdxoj,eii 01 n trogen cent nue fci ome time to exhale ex home 
acid A frog was ilaced in ajar of hydrogen over meicurv, 
and continued to espue carbonic acid for eight hours tl us 
showing that the changes do 
. not tal e place immed ately 
n the 1 ings but thro ighout 
the system and are due to 
osygen jreviou'.ly absorbed 
I The phj '■lological changes 
I proceed so slnggishly in rep 
J tiles that they will live long 
la conditions of the atmo- 
sphere which would be 
quickly fdtal to higher ani- 
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1 243.— la the fine blood veSsds disti-ibuted throughout the body, 
oxygen, is constantly changed to carbouic acid, and arterial to ve- 
nous blood. The miauteness of these vessels is surprising. They 
are termed capillary, or hair-like, but they are far smallei- than hairs. 
Fig. 307 shows the densely crowded blood vessels on the surface 
of a rabbit's liver, magnified eleyea times. Through these won- 
drousiy fine tubes flows the vital stream, bringing the materials 
of nutrition, bearing away the products of wasto, and itself inces- 
santly changing as it presses on. 

1244. Conveyance of Oxys^a. — In what mannei- the blood 
takes up the osygen and transports it, is not so cleai'ly seen. The 
absorbent power of its water is insaffioient. LiBBie's suggestion 
tliat the iron of the blood is the carrier, is nnsatisfaetory. The 
blood discs are the agents of transportation, and it is probable that 
they hold the osygen in a peculiarly loose condition of union, sur- 
rendering it at all points to enter into other combinations. 

1246. Oases Absorbed and Exhaled.— Abut 6 per cent, of 
the osygen inhaled is absorbed by the blood. TVhen osygeii 
combines with carbon, the bulk of the carbonic acid formed is 
exactly equal to that of the uniting oxygen. If, therefore, all the 
osygen taken into the system were converted into carbonic acid, 
the amount of this gas exhaled would just eq^ual the osygen in- 
haled. But this is not the case. The expired breath contains 
on an average about one seventh less than the absorbed osygen. 
This deficiency combines with hydrogen, and appears in the breath 
as eshaled watery vapor. The bulk of the expired air is greater 
than that inhaled, owing to the presence of moisture and its high 
temperature. 

1246. The average amount of air inspired and exhaled at each 
respiration is 80 cubic inches, and the average number of respira- 
tions 20 per minnte, so that 500 cubic feet of air pass through the 
Innga in 24 hours. The amount of carbonic acid eshaled is variable, 
and is interesting as the indexof the rate of internal change. The 
more energetic the circulation, the larger the quantity of carbonic 
acid ; it is less dnring sleep than while awake, and less during 
fasting than after a full meal. 

1247. Howtlie expired carbonic acid may be measured is shown 

proooaacagoonlntheoapillflrieal How la their mlnulenoBs shown I 1244. Howie 
osygen probably oonvayad ? 1245. WhaL of Iho g-JHeB Bbsorbed * Of thOBOOxbaledl 
1240. How much air paasea througb tha limga In 24 houi-B ! What Of the amount of 
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in Fig, S08, A bird is placed in a bell glass, A, ivliieh stands over 
mercury. ^ is a vessel of water whicllf establishes a current of lur 
tlirough. the apparatus as its water flows out. The tubes 1 and 3 
coatfuu pumice stone moistened with potash, vihich absorbs oil the 
carbonic acid from the entering air. The bulbs, 0, contain lime wa- 
ter, and the fact that it remains clear proves that the air enters the 
bell glass free from oai'bouic acid. The air which the bird expires 




is drawn through tlie bulbs, I>, containing lime water or potash, 
which, Lnd been carefully weighed. The carbonic acid exhaled 
by the bird is absorbed, and if the bulbs are agaia weighed after 
a given time, they indicate the amount of 00, exhaled by the bird. 

1248. The Disoovery of the Clrculatlcn was made upward 
of two hundred years ago by Dr, Haevet, but of its cause he had 
no time idea. This could not be known until the microscope was 
perfected, the capillary mechanism explained, and the sciences of 
chemistry and molecular physics developed. In the absence of 
real knowledge, the circulation of the blood has been ascribed to 
the drawing and driving action of the heart. 

1249. Office of the Heart.— While it is admitted that the im- 
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pelling action of the heart moves the tlood through the large 
tubes, it ia equally certain that it cannot drive it through the 
capillaries : the force which acts here is the real cause of the cir- 
culatiou. There are animds destitute of a heart, but still with a 
deiiaite circiiiation. Fishes have no heart on the ai-terial side be- 
tween the lungs (gills) and the systemic capillaries. The heoi't 
is introduced into the mechanism of the higher and rapidly acting 
animals as a regulator, rather than a motor : it is the hea.ting pen- 
dulum; the falling -weight is to he sought in the capillaiy system. 

1250. Theory of the Circnlatloii. — Dr, Dkapeb has given an 
esplaiiation of the causes of the circulation of the hlood on physical 
and oiemioal principles, and brought as nearer to a final solution 
of this intei-estiBg problem than any former investigator. We 
have seen how fluids rise in tubes by wettiiig thek sides. When 
two Hquids meet in a tube with unequal affinities for its walls, tlie 
one having the highest attraction will drive the other before it. 
The arterial blood is charged with oxygen which has a high affin- 
ity for the walls of the capillary tissues. As the osygen entei-s 
into combination with the matei-ials it meets with, its affinity is 
satisfied, and arterial is changed to venous blood, which is driven 
forward by the constant pressure of the ai-terial current behind. 
The circulation is thus immediately due to respiration. Dr. Dra- 
PBK apphes the same principle to the flow of sap in plants. Water 
of the soil, entering the rootlets and rising through the trunk and 
branches by osmose, passes into the leaf, and is there digested. 
The new gummy, or colloid product has less affinity for the walls 
of the tubes and tissue, and is constantly pushed forward by the 
freshly ai-riving sap. For illustrations of this view, see Dhapee's 
Eumnn Physiology. 

1251. Influence of Air. — From the foregoing considerations it 
will be seen that the influence of air is all controlling over tbe hu- 
man constitution ; it is the first condition of vital activity — the 
immediate impelling power of Ufe. Any one of its elements 
breathed alone would he fatal ; any other proportions would he 
dangerous, but mingled as they are, how bJaud, how balmy, 
how salutary they become I It presses upon ns with the weight 
of tons ; bathes the sensitive passages, distends the filmy mem- 



elauwhu'e applied I 1261. V 


)f oMef action, and how proved i 
B said of Dr, Dbapee'3 theory 1 


Explain it. How is it 
1-1 1263. What ia stated 



d=,Google 



442 PHYSIOLO&ICAL CHEMISTET. 

bi-anea of the air cells, and flasliiog througb iato tlie blood, ia swept 
forward to tte inmost depths of the systetn, corroding and con- 
suming in its progress the living parts; and yet with auoh mar- 
vellous delicacy are all these things accomplished, that we re- 
main profoundly anconscious of them. Science lias shown that 
theie IS a deep hfe import in the^ie neTer-ceosing rhythmic move- 
ments of inspuation and espuation, hnt it can add nothing to 
the simple grandeur of the primeval statement that the Creator 
'breathed into his uostula the breath of life, and man became a 
Ining soul' 



§ in. Production of Animal Heat. 

1252. All Animals produce Heat — If water containing animal- 
cules be gradually frozen under a microscope, the last drops aeen to 
congeal are those which surround their bodies. From this point 
upward, each class generates an amount of heat peculiar to itself, 
liie temperature of the human body may be ascertained by placing 
the bulb of a delicate thermometei under tlie tjngue but to meas- 
ure more minute qiiantitles of ammal heit than th 11 instrument 
can dotoet, the thermo-electric (ou[k is cm]lj>ed The action 




of the latter instrument has alreidy 1 een desei bed In Fig. 309 
JF'repreaents an iron needle bent at the ends and soldered to c c, 
copper wires which are connected with a galvanometer ff. As 
long as both poinfa are at the same temperature the needle re- 
mains at rest ; but it moves when the heat of one exceeds that of 
the other. It was desired, for example, to compare the tempera- 
ture of a living and a dead insect, Each was fixed on a stick dd, 
I^g. 310, planted in the earth of a flower pot n. The needles were 
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then thrust into corresponding parts of tiis living antl dead iasect, 
-when the motion of the galyanometei' 
indicated the difference of theii n 
peratures. 

1263. Temperature in Man Th 
heat of the human body van 
slightly from 98° the world over, t g 
the eiteraal temperature change <! 
and hourly, while the vai'iation m 
latitudes and seasons is very great h 
estremes of equatorial midsnmm and 
arctic midwintei' embrace a rang 
more than 200°, yet through all hese 
thermal vioissitndes the hody of a maa 
in health deviates bnt httle from 
constant normal of 9S°. 

1254. — In view of these facts h 
been maintained that the Hving b d "" 
has some vital, mysterious, interi il de 
of esternal agents. Bnt this is n 
which has precisely the same i a n 
as any other h te I m Vh ti y 

receives heat ; wh tb y ar Id 1 1 
heating or cool 1 p d p th d ff 
psrature of the b dy d th t f t 
nearly all circ m t es th t mp at 
than the objects ar md t h t aim t 

heat by radiati n d ti d p t 

1255. Nervon Ag a y— A m 1 h t h 
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prodaction of heat in the animal body 13 under the control of the 
iiervouB system probably in the same way tliat the fire tiat driyes 
the steam engine is under the control of the fireman. 

1266. Cause of the Plant Heat. — In both of the cases referred 
to there is an absorption of osygen, which imites with the sugar 
of the flower and the oil of the seed, and a liberation of carbonic 
acid in exact proportion. That the heat is dae chiefly to osidation 
is proved by the fact, that when no osygen is present, heat is not 
evolved ; whereas, if pnre osygen gas is employed, the liberation 
of heat is more rapid than usual. 

1257. Cause of Animal Heat. — The union of oxygen with car- 
hon and hydrogen is a souice of heat mder varied conditions. 
We can combine them in no wai without produciDg heat. The 
animal body inhales oxygen and eshales carbonic acid ; there has 
therefore been a union, and that union must have produced heat. 
Here ia a real cause, and one adpquate to account for nineteen 
twentieths of the heat generate 1 in tlie bcdy. Muscnlar and ner- 
vous action produce heat, and thu mij probably explain the 
source of the deficiency. 

1268. Eiffect of the Rate of Respiration. — The amount of heat 
generated in an anhnal is strictly coricected with its rate of respi- 
ration, and the amount of osygen it absorbs. In reptiles and 
fishes the structure of the I'cspiratory organs is such that but a 
small proportion of oxygen is taken into the system. The quan- 
tity of heat produced is therefore small. Their temperature rises 
and falls witli that of the saiTounding medium, and is never but 
little above it ; hence they are called eoId-Moodei animals. The 
respiratory mechanism of birds, on the contrai'y, is on a most per- 
fect plan ; it woria rapidly, and their temperature is consequently 
maintaiued at a high rate, from 100° to 112°. Infants breathe 
more rapidly than adults, and their temperature is several degrees 
higher. 

1259. Hiliei-iiation. — The most striking illustration of the in- 
fluence of respiration over bodily heat is seen in the case of those 
animals which pass the winter season in a state of profound sleep, 
or torpor (hibernation). In this condition the breathing becomes 

chleHydno? Howproved9 1257. How do you Beoonnt for onimal heat? "What 
of muBoulnrandnervouB aalionl 1258. With wliBt 1b the liest oonneetodf Why 
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very alow, the imperfectly oxygenated blood flows EhiggialOy 
thfough tie toart, acd tie heat of the animal falls, it may be, al- 
most to the freezing point. The marmot, in summer, ia warm- 
bloodetl ; but as it passes iuto hibernation, the nnmber of respira- 
tions faUs from 500 to 34 in an hour, the piilse at the same time 
sinking from 150 to 15 per minute. An animal in hibernation has 
been placed in an atmosphere of pure carbonic acid and remained 
there four hours without injury, while if thus treated in its active 
condition, it would have perished instantly. 

1260. Spontaneous Oombnstion. — There has long prerajled an 
opinion that the living body, ander some circumstances, might 
take fire and be more or leas comfdetely consumed, and many cases 
of this kind are on record. Liebig, however, has demonstrated 
the impossibility of any such result, and afBi-ms that no amount of 
fat, alcohol, or phosphorus which the living body could possibly 
contain, would render it combustible. Upon esamination, the 
alleged instances of spontaneous combustion were found to be ia 
no case entitled to credence, 

§ ly. Pfoductioii of Animal Power. 

1261. The amount of thermal force generated annually in the 
body of an adult mac is sufEcient to raise from 25,000 to 80,000 
lbs. of water from the freezing to the boiling point. All the acts 
of the body, every motion, iitteranee, breath, or thought consumes 
force. We make about 9,000,000 separate motions of breathing 
in a year; thereby inhaling and espelUng 'TOOjOOO gallons of air. 
At the same time the heart contracts and dilates 40,000,000 
times — each time with an estimated force of 13 lbs., while thon- 
sands of tons of blood are annually driven tiroagh the heart and 
genera] system. Besides these involuntary acts, the oi^anism gen- 
erates force for a thousand forms of voluntary, physical action. A 
healthy laborer is assumed to bo able to exert a force equal to 
raising the weight of his body through 10,000 feet in a day. 

1262. Rate of Physiological Chsuige. — Corresponding to this 
activity ia a high rate of internal change. The living body is like 
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a waterfall ; wliilo it appears aa nnyarymg form it ia yet composed 
of particles in a state of swift transition. A maa consumes in a 
year 800 lbs. of aolid food, tlie same amount of osygen, and aljout 
1,B00 lbs. of water— or altogether a ton and a half of matter. 
Ohossat ascertained the waste in various aaimals to be an average 
of sV of their weight daily, and SoHiiiDT determined it to be, Ie 
the case of the human being, ^'j of the weight. Johnston says : 
' an animal when fasting will lose from j-V to r'a of 't^ whole weight 
in 34 hours'. The waste proceeds so rapidly tiiat the whole hnman 
body is believed to be renewed in an average period of not more 
than 80 days — the man of eighty years has therefore shifted the 
substance of his corporeal being nearly a tboaaand times ! 

1263. Force Accompanies Change. — In the esercise of func- 
tional power, parts waste and are ever renewed. In all the deep- 
eat recesses of the body, in every elastic muscle and conducting 
nerve, and even in the thinking br a taji ds f t 

stantly dying and beiag replaced. A w b g t I 

aad act, we begin to die. The deoomp t P P t t 

the activity. Muscles are rapidly cl ' ' 

or less ooid from the oxidized pr d 

has been fully proved by G. Vo L 

oxygen and eshale carboaio acid 1 

lasts. With the exercise of a mnsol hi 

the current is stopped, it is paraly d 

system ; braia power is dependent p bit f m t 

Indeed changes go forward more rapidly in the brain than in any 

other part, and, while cerebral exercise increases the brainward 

flow, an arrest of the circulation, but for a momeat, as in fainting, 

1264. Force the Result of Change. — It was formerly held 
that the body acts hj virtue of an inherent ' vital property,' and 
that the changes which go on within it are conisequeaeea of its ac- 
tivity. This idea was but natural. As Mr. HinToif suggests, if 
man had first met with steam engines in nature he would have 
supposed them endowed with a peculiar 'active property,' whioli 

Buma annually 1 How mnch oxygen? Water? In wliEt tiino does tlio material 
of Ihabodyoiange? WTiatlasaldof a mail of eighty? 12BS. Whnt is lbs effect 
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caused their movement, and wheft afterward the espanaion and 
contraction of the steam was discovered, it would have been 
loolted upon as the result ot the ' inherent aUivity,' and not as its 
cause. It IV as thus with the animal oi^anism, it was studied 
baokwai'd, and cfflcts taken for causes Eat science his 
shown that molecular changes are the cause', and not the con- 
sequences of its activity and that m this ictpeot the hvmg hod> is 
analogous to the steim engine and the galvanic 1 attery In the 
steam engme, power results from the osidation of tuel m the 
voltaic battery, from the osiditioii ot zinc, m the living body, 
from the oxidation of fDod and tis-ue 

1266 The barbarian explains mechanism by suppcmg the 
machine to be alive ' It died last n ght,' ezolaimed the Chim- 
man in triumph, upon selling the flret watch he had ever seen 
It is only w hen wt begm to discover the beautiful unity of Nature's 
plan that we reverse the primitive notion, aad discover the living 
system to be a divinely constructed machine, adapted to tlie uni- 
versal economy of Nature's forces. It is not strange that men 
were long in perceiving the mechanical relations of the living sys- 
tem, as it is so unlike all other machines in the conditions of 
its action. It consumes itself and repairs itself, ' It is as if tlie 
wheels of the steam engine were made of coal, revolved by their 
own combustion', and grew as fast as they were consumed, 

1266. Analogies of the Living Body and the Steam Engine, 
— These have been traced, in several interesting particulars, aa 
follows : 

1. Fdel— Coalaadwood— botlicom- 1. Food— Vesetables and flesh— 

bustJbla. both combustible. 

2. Wateb (for eTaporntioQ). 2. Watbk {for circulation). 

3. Am (for combustion). S. Am (for respiration). 



i. A steady boiling heat of 212' by 4. A steady animal beat of OS' by 
quiuk combustion. slow combustion. 

5. Smoke, loaded with carbonic acid 5. Expired breath, loaded with car- 

nod watery vapor. bonic acid and watery vapor. 

6. Incombustible ash. 6. Incombustible animal refuse. 

steam engiael To whnHs the living boayanalQ^ouB in respect to power I 1265. 
How does the hartarlan esplain mechimisnil Wiien Is llio oppnuite viow dlaoov- 
ered! "Why were not tho incQhanical relations of the Ijoay not eai'lier perceived 1 
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1. Motive force of simplB alternate 7. Motive force of simple aJtecnate 
pusSi and puil in the piston, contraction and reiaxotion 

which, acting through wheels, 
bands and levers, does work of 

endless variety, ibvbis, uots wum. ui muicsa 

variety. 
4. deficiency oC food, drink, or 
air, first disturbs and then 
stops the motion. stops the motion and the life. 

1267. Source of Animal Power.— Like all otlier machines, 
tliQ living body eon t t p t iy t d ise 
the stored fores f f d Th gan p n tl t w dp 
in ths plant is I d tl an 1 '•y t m 1 g t ta 
force as animal p A d ii 1 tb t pi 
ditions, we stUl t th p tnfthg tlwht^th 
definite material h a a. teddtmtqtt 
of force. More w i Igtdjam hmf 
nature is consun m t d milf Ifa ip t d d 
for tlie espendit tpw Titgbj t fmd 
in pai-ts to admi ff mt ,tl Idfmlatii 
instrnmenta of action ; its oironlatory system is the fountain of 
force, and its nervous aystem hinds all into a unit for effeoti^e 
effort. The energies of the universe ai-e then gathered and 
poured througli it foi" the accomplishment of the purposes to 
which it is destined. 

1268. We have seen that the Tegetable kingdom constitutes a 
fourth reservoir of stored force in the plan of nature (1170). Pro- 
fessor Daha holds that the animal is the fifth and higheat form of 
'magazined power.' Prom the immutable or slowly-ohanging 
granite we rise through more and more changeable forms of 
matter, solid, liquid, gaseous, organic, and reach the summit of the 
scale in the human brain. Dynamically, the rock and the bram 
are nature's opposite poles. The brain is formed of the most un- 
stable materiflla, consisting of four fifths water, through which is 
diffiised the cerebral tiasiie, with a large proportion of uncoagu- 
lated albumen, phospborized oils, and other changeable sub- 
stances. So rapid are its transformations, that though hut ^ the 
weight of the body, it reoeiyea from \ to j\ of all the blood driven 
from the heart, to maintain its normal waste and repair. Ve are 

BDOlogj between the living toily and the Bteam engine. 1287. What is the eoarco 
of anlroal powoi- ) How is the animal bofly related iothe univeVBet Esplaiii the 
action of Us parts. 126a How ai-o Bnimsla placed in regard lo power} Whaturo 
ilio opposite extremes of power! State tlio coniposilion of Iho brain. Its weight 
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to oonoeive of the brEun, therefore, less as a stable organ than at 
torrent of change, mind being linied not jiroperly with matti 
but with matter m motion, ur in the highest physiological oc 
(lition of power. 



CHAPTER XXX. 

OYCLEa OP ORGANIC NATUKE. 

1269. That matter changes its form and is put by nature to a 
Bucceasioa of uses has long been vaguely understood. Science has 
^veu precision to the idea and unfolded a mighty scheme of circu- 
lations and compensations by which the balance and Lunnony of 
terrestrial affairs is maintained. 

1270. Oircnlatlott of Water. — The equilibrium of the world of 
waters is preserved by a vast system of circulations; whenever 
there is movement in one direction, there is counter movement in 
the opposite. iFrora the snrface of sea and land water is rising 
inco^antly by evaporation into tho air, but it all descends in the 
forms of fain, dew and snow, to bo again elevated, and again to 
descend, perpetually. 

1271. The rivers which flow into the sea correspond to rivers 
of vapor in the air moving in opposite directions. The water 
■which is decomposed by the plant, and, ministering to its trans- 
mntations, is deposited in its structure or its products, is repro- 
dnoedby the animal, and by the processes of combustion and decay. 
Thus the waters are earned round in constant circles of distilla^ 
tion and condensation, of decomposition and recomposition, and 
through this perpetual doing and undoing, the economy of the 
world and tbo order of life are maintained upon the planet, 

1272. Circalation of Carljon. — In the form of carbonic acid 
this element is withdrawn from the air by plants, and as they 
slowly decay or rapidly burn, the carbon is again resolved into 
carbonic acid and restored to the atmosphere. If the vegetable 
matter is consumed by animals, a lilie result takes place through 
their respiration and decay, The same interchange goes on in the 
sea, for it rnvst take place wherever there is life. There is a 

lis blooa supply. How asao 
lii70. How is wfttoE ktipt in 
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marine vegetation so near the surface of lakes and oceans tliat it 
may be acted OQ by light ; it absorbs carbonic acid from tbe water, 
decomposes it, and fises itg carbon. Aquatic animals consume it 
and give back carbonic acid by respiration to the watery medium, 
1273> The time required for the complete revolutioa of these 
chemical wheels varies almost infinitely. We may consume fruit 
in which the formative processes are actively going on, and its 
sugai- will ha eshalcd from the lungs as carbonic acid, and again 
absorbed by the leaves in perhaps an hour's time. On the other 
hand, the carbon of the coal beds, after slumbering in the earth 
for ages, is but to-day brought forth to be restored as carbonic 
acid to the air. 

1274. Again, many tribes of marine animals form coverings 
of lime and carbonic acid which, accamulatinfr in the course of 
time at the bottom of oceans, are converted into beds of shelly 
limestone. In the warmer parts of the ocean, little insects are 
also busy absorbing the same constifuentft from the water and 
building np coral reefs whieh are thousands of miles in extant. 
But is not the carbonic acid absorbed by the ocean, and thus, ap- 
propriated by its animals, chcuned down forever in the forming 
rocks? So it might well seem did we not know that the eternal 
law of nature is not fisity, but change. The balance tbat seems 
lost is still preserved, for carbonic acid, liberated in the depths of 
the earth from unknown sources and by processes we can but ob- 
sonrely trace, is everywhere rising to the surface. By myriads of 
springs, by volcanoes, both active and extinct, in tliousands of 
caves and hollows, in cellars and wells, and from all the soil over 
vast tracts of country, cai'bonic acid, in inci-edible volumes, is being 
continually set free and poured into the atmosphere. 

1275. The marvellous perfection and delicacy of these adjust- 
ments become more striking when we consider how small an 
amount of carbon the air contains (570). Notwithstanding the 
prodigious quantities that are poured into and withdrawn from the 
air, this small and precise proportion remains unaltered from age 
to age. Two hundred million tons of coal are now annually con- 
sumed, producing six hundred million tons of cai-bonic acid. A 
century ago hardly a fraction of this amount was burned, yet the 

Is carbon oiroulKledDpon land t Upon tlie sea ! 1273, What of tliotitnereqiiirsil 
for these cbangBB* 1274 How ai-c beda of ahelly Llmostono nnd coral i™f» form- 
ed I In what way le tbebalanoB preBorvedl 1275. What la eaid of the ainoont 
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enormous supply liaa rot sengitily disturbed the proportion of this 
gaa in tlio atmosphere. 

1275. Oiroulation of oilier Elementa.— In the same manner 
osygen and nitrogen are in perpetual movement. Osygen enters 
the plant in a state of combination; it is set free, is absorbed by 
the animal, combines with its carbon and hydrogen, is returned 
to the atmosphere, and reentering the plant, goes the rounds again 
and continually. Nitrogen, taken into the plant as ammonia, ia 
converted into glnten, albumon, &c., and then, becoming the food 
of animals, is wrought into their structure. Decomposed and re- 
jected from tho animal system, it is again ready to enter the pknt. 
Thus, the antagonism of offices between plants and animals, which 
maintains the equilibrium, of life, is complete. They may be con- 
trasted in their leading functions as follows; 



Supplies oxjgi 
DcoompoBcs ci 

Produces the organic principles nf Conaumes the organic principles of 

food. Ibod. 

Endows mineral matter with the prop- Deprives oraanio msller of the prop- 
erties of life. ertie9 0fli%. 

Imparts to chemical atoma the prop- Deprives chemical atoms of the prop- 
erty of combuatibility. erty of combustibility. 

Iinpftrts to ohemieal atoms tbe power Imparts to cbemicnl atoms the power 

of nourishing tbo animal. of noariehing the vegetable. 

Converts simple into complex com- Converts complex into simple com- 

poands. pounds. 

Is an apparatus of deoiidaljon. Ia an apparatna of oxidation. 

Ia a mechanism of conatruotion. Is a meclianism of reduction. 

Absorbs heat and elecirieity. Produces heat and eleotrioily. 

1277. And the ethereal atmosphere, so light, so mobile, so at- 
tenuated that it seems almost to connect the worlds of matter and 
of spirit, is the grand theatre of these mighty reactions. It is at once 
the fountmn of life and the source of death. From its serene and 
inscrutable depths come the mysterious processions of living beings 
which crowd the earth, and it ia the great sepulchre to whicli they 
all return ; it has received the disrupted and scattered elements 

ofcartonlnlhciiirS JKTa Describe the chi.ngos of osygon. Ofnltroaen. Mon. 
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of tlio dead of past gonerationa, and is houriy gSLtbering to itself 
tiie living of the present. 

1278. Nature a Strict BoonomiBt. — Thus tlie beautiful and tlie 
unsightly, the noxious and the pure, the great and the small are 
all mingled together, aoi the same materials are perpetuaHy going 
tlieir rounds of service. The air we breathe and the water we 
drink to-day have been breathed and drunk a thousand times be- 
fore. No material is wasted, no force spent in. vain. 

1279. In nothing is the economy of nature more manifest thaa 
in the connection of tlie animal races. Matter and force are not 
suffered to run to waste by the death, of animals which feed upon 
plants. There ai'e flesh eaters of all grades, from man to the micro- 
scopic infusoria, some of which destroy and eat, while others con- 
sume only the decomposing dead. The putrefaction of animal car- 
casses would be offensive and dangerous, and so numberless insect 
tribes are provided, the larva of which devour the decomposing 
mass, and are themselves eaten by larger animals. In the aquarium, 
which is a miniature organic world, plants feed animals and ani- 
mals feed plants ; but there must be flesh eaters, for if an animal is 
left to decay, the water becomes foul, and life is arrested. 

1280. Death Essential to the Order of Nature.— Life and 
death are thus bound up iudissolubly in the plan of nature. Each 
implies the other ; they are the opposite and equal arms of the or- 
ganic balance. The death of living parts begins with life, and is 
essential to life. ' The creation of a plant was the simultaneoua 
institution of life and death — the establishment of an incoming 
and outgoing stream to be in constant flow as long as the king- 
doms of life should last. Vegetable and animal life and death 
are but parts of one idea involved in a single primal plan.' 
(Dana.) 

1281. The Oouraa of Ohacge Irresistible^— Nor is man able 
to arrest the onward course of natural changes, nor by any arts 
can he long withdraw the lifeless forms from the resistless cur- 
rents of circulation. In petty egotism he wraps the bodies of the 
dead in resinous swathings, and places them in massive mauso- 
leums, so that for hundreds, perhaps thousands of years, they may 
be kept from mingling with the restless elements ; but Time at 

ttic theatre of all those cliongon ! 1278. What of nalm-e as nn economist » 1279. 
Esplniii her oconnroy in regard to nnimnla. Where is il ilhiatrated ? I2S0. WliM 
arc tliornQtuslrolatlona of hte and death) 1281. What ie hejorid our roiver ? Es- 
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laati, in his ondlesa vioiasitudes, enters the tomb, and restores the 
forgotten moiiM to the moving world from whence it came. 

12G2. Matter to toe Kept Moving.— But though man cannot 
arrest the course of nature, he nevertheless has a control over its 
changes of the highest importance to himself and to society, and 
which involvea very grave reaponsibilitiea. Air and water, the 
great media of circulation, when they have been used, ai-e designed 
to pass on; we have no right to them beyond their transient em- 
ployment. They are oni-s to-day, but to-morrow theybelong to all. 
If we detain and suffer them to stagnate around us, they become 
the fruitful instruments of disease and death. The very qualitiea 
which make them serviceable render them also dangerous. They 
dissolve various ingredients, which are essential to life, or may 
become charged with nosions agenta, which are fatal to it. Na- 
ture avenges herseif by inflicting fearful penalties npon individuals 
and nations who tamper with and violate her laws. The great 
epidemics, the consuming fevers, the desolating phigaes are divine 
admonitions to the wise that the ordinances of nature are not to 
be violated with impunity. 

1283. Oonclwiion.— And thus our studies lead us to a new- 
perception of that sublime lesson of science— the Unity of the 
Universe. The revolutions of the celestial orbs are pwalleled by 
the ever-recurring cycles of matternpon earth ; whOe the energies 
in action obey in both cases the same beneficent but iuesorable 
laws. It is the glory of Astronomy to have shown that the har- 
mony of our planetary system is m.aintained by the eternal war 
of hostile forces, which by their mutual counteraction keep the 
heavenly bodies in their circling paths. Chemistry has ehowa tliat 
this great principle is not limited to the field of celeatia! mechan- 
ism, but that it operates also npon eai'th, and governs the king- 
doms of terrestrial life. Here too there are conflict and connterao- 
tion— the omnipresent antagonism of warring forces resulting in 
the harmony and stability of the living world ; another illustration 
of that unity of design and harmony of action throughout the 
univei-se which proclaim the government of Oub Iseibitb Mind. 

ample. 12S3. Howava alrandwafortobe regaiiSeai Wiiftt resuTte fromtboli'fle- 
tentionJ Enamplea. !SSS. What gl-ent lesson nre wo tfluglit 1)y ScloDce! What 
lias Aetronomy proved S How las Ohemlatry extended this gi-oat prinolple > 
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Evaparatlon, 125 : of the hody aa a cool- 

iog ^ency, 1!«. 
ExpanSoa, cauee of, V13. 



Frauohofer^s lilies, 164 ; c 
Frce»iig mlslnrBS, 121. 
Frtction a source of heat, 
Furiiaoe, retorberatoiy, E' 
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Qlycerfn, SM. 
Qad,81B. 
Granite, 216. 
Gnilty, 39. 
Grove's baltory, 0( 



s;»" 



Halogeos, 244. 



44; expanalon 
"of'ia''frlol4on, 112 ; ooni 



by, 104 

SGctlou vnvi eiBflirioiiy, iio ; raaiar 
IBS ; exdhfoget of, 141 ; absarpttoD a 
bv gssei, 14£ : relation laUgbt, I GT, 16a 
BtomIi!,172: untts of, 172 ; aquivaler 
of, 172 ; animal, 444. 
Heatofi ■ *■ 

HsllcK]hroiay,S2( 



HyHlogeiiB, 266. 
Hydrogen, 193. 
Hydrometer, 34. 
HygTometetB, 127. 
Hypothesis, li. 



ImpDiiderable matter, 12. 

Induction, 20; =l60trto,8l! n 
mtetfarenoB of wave motii 

Ut^bt, 149. 
Iodide of potaBBlmn, 27B. 

Iron, -03 : propertlea of, 3C 



Latent teat, 117, 

Lead, 311. 

Lealbar, 388. 

Ueht, 132 ; reflection and refractic 
133 ; absorption of, 143, 167 ; iJiti 
enoe of, 140; poSariMlioH of, 
cbODiletry of, Ifi^ ; relaUooe to 
167,138.' 

Ltffbt oarburetted bydroaei), 2S2. 

l^oin, 343 : lignite, 340. 

Lime, 20a 

Ume Ugbt, 239, 

Liqneltiftloii, 121. 

LIUiaige, 311. 

Lltmns, 3SS. 

Living body o luatlilEe, 448. 



Magnesium, £92, 
Magnetism, 73. 
UBgne^Bin and liebt, 186. 
MaBneto-electrioify, W. 
iiiit, 373. 



UargBiin, 861. 

Matcbes, 26*. 
Matter and torcf, 2 



Matala, general properllea of, 370 ; i 

olkoBes, 277. 
Metamoi'pboBls of tieeuea, 436. 

Milk,SM; asfood' 435. 
Ulnlam, 311. 
Molasses, 

MoIbooIb8,87 
Mordants " 

Morter an 



■ aitractlaDS, 33. 



^r llquoi-, 
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Hi^l^ 


rJm 


OQQd 


, 370, 43 


1 ; diet. 


N™a^n7i'ilp 


4Ss'i 


01.1,280. 


C food, 


ObBervntion, 14. 



efltel 


of, 433. 


, 



atila,364\ turpcnilne, 355 ; Brlvlo,B66' 
fusel, 885. 

Oleaainoua gronn, 348. 

01edantgaa,2Sa. 

Oloin, 360. 

Opium, 366. 

Ores of Iran, S97. 

Organic ebemiBtrj', S21. 

Organio oompounfla, sctifloial produc- 
tion of,S22; eoHBtitutionoi.aai; anal- 
ysis oj; sm 

Ofganugeiia, ISl. 

OsmoBc, 41 ; of gfleee, 43 ; /i new theoi'y 

OxbIlc uAd, 362. 

Oiygan,18i: magnatiBUi of, 77; diaoov- 
ery of, 182 : proportlea o^ 188: eom- 
111191100 la, IH ; relations to life, ISI ; 
rata of oongnmptlon, 188: propDrtlou 
In nature, ISg : tbeory of, w\; laliodlly 
circulation, 4^ , offloe of f q alFcnla- 



Peroiideof bjdroeen, 208. 
Perpotnal motLon, 170. 



j growth of, 40B \ in opart- 
^ofForia, 29S. 



Polarity of partioleB, 78. 
Polarity, Wse of Ihe idai of, 164. 
PolariMtion of llglit, 160. 
Porcel^n, 298. 

Potash, 278; oarljonote of, 273; n 

of, 27P. 
Potasaium, 277. 
Pottery, 256. 
Precipllolion, 46. 
Preriaioo a teat of aolenoe, 12. 
PriMflej-.iei. 



:^i^:- 

Pulrefcictlon. 87 
Pytogei.s, lai. 
PyromBtec,107. 



Regulation, 122. 
ResloB, S8$ ; gnm 387 

e^aledli!,43e Intlui^ 

mal heat, 448 
Reaplrator, 217 
Reeplratory fimda ilEJ 
Bochslle lalt, £62 
Hosln, S86. 
Rubid I Dm. 166,287. 
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silver, S13 ; nitrate of, 514 , chloride of, 


Thallium, 168 , 3li 


Singing flame, 196. 
Smee'B lislterj-, 88. 


Theoiy, 18 ; types, 336. 
Thermo-deotrlotty. 08. 


emeltlng of roetala, 272 j of iron, W3. 


SoaJs 3W-, Ta'rietiaa of, S80; action of, 


SW 


ThermometricB, lOB. 


Soda, 381.- 




8odlim,Bal. 


TisauBB,' nntrilion of, 432. 


Soil, ocganio matter of, M6 ■, wigln of^OH 


Topaz, 62. 


Solir iauenoa, extent of, bs. 


Tourmaline, 151. 


Solar radiatioa, nmoant of, 42L 


Turpentine, 356. 


Solar spectrum, 134. 




8i>liihloglaa>,26S. 


Tyndallonlce,19». 


solution, 44. 


Type lOBtol, 31S. 


i^:)Z,.^». 


V 


%^iv:s^u'- 


SSrS: •"'"'— ■"'■"■ 


SpectroBoope, 166. 




Spectrum, 'aolar, 134; Iherraal, 140; 




cheiaioal, 158 ; anaiyaiB, 164 ; organla- 


V 


iDgrfgloaof, 418. 
ep«d^ti^3B. ^ 

S&!tile9, 292. 


Vnpor, sIbbUo foroe of, 129. 


V^Bli.SM.' 
VBgel^ble aolda SOI 


Stalanattee, 202. 




Verdigris, 310. 


BWhu'boIi, 424: fOfflclea, 424; diKCetive 
limit of, m; why the Btomaeh doee 


Volatile aolde, BGriee of, 334. 

Volatile oils. 364. 

Vollalo circuit, 84 ; polirllLeB of, SO. 

Voltaic pile, 88. 

Volume, eombinnlion by, 83. 


Sublimation, 48. 


W 


8uglr,BS7; caHB,'a3a; grapa, 339 ; milk. 




Sulphate of aoda, 283 ; of ammonia, 288 ; 
of lime, 392. 




greH, 201 ; aolvent power of,9)2 ; mln- 


Sniphurons acid, 267. 
SnnTjcam tho antsponlBt of Dsygon, 420 ; 
motive mwer oftlia world, 121. 




Talbotype. 320, 




Tannin, S«3. 




T3r,B4. 


r 


TartBf,423;oreamof,3ei. 


Yeaat,a77. 


Tea, 366. ' 


Yellow coloring raattera,SflS. 






TBlogtflph.'eleotro-inaELetii!, 88. 


Z 




Zlno, 305. 
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Works on Chemistry, 



Chemical Atlas : 



BY EDWARD L. TOUMANS. 
Lai^ ftaarto. 106 pases. Trice $2 60. 

The Atlas is a reproduction (in. bopk form), and a continuation, 
of the mode of exhibiting chemical facts and phenomena adopted in 
the author's " Chemical Chart." The npplication of the diagrams is 
here much extended, occupying thirteen plateg, printed in sixteen 
colors, and accompanied by 100 quarto pages of beautifully printed 
explanatory letter-press. It is a chart m a. portable and convenient 
form, eontiuning many of the Intest views of the science which are 
not found in the test-hooks. It is designed as an additional aid to 
teachers and pupils, to he used in connection with the author's 
Class-Book, or as a roTiew, and for individuals who are studying 
alone. 

It is intended to accompany the author's Class-book of Chemis- 
try, but it may be employed with convenience and advantage in 
connection with any of the school test-booUs on the subject. 

JVpm tJie ITome Jfntrnal- 
Ilere we h&ve sclanoe la plctnres— Obemistrj in diagrams — eye.dlsseotlou9 of itll 

oil flimlUar DbjenU lUnaemtiid to the most Itapnedtile of one eensesbr the aldof colors. 
This is n beouHfUl book, »nd aa usafol as » Is beanOM. Mr. Toomans has hit upon 
a happy method at ElmplUying and bctngltig out the profbnndeet BbstiEictioiis of eid- 
eiioe, so that they lUl wlttun the deac tumprsheualon of chlldieo. 
I^ta a« TTUea MenOng Bsrald. 

All excellent Idea, iMll Hffrifld on-fc The s^tIb Is Incld and bappy, the deflnitloni 
consise and clear, and tlia illBBtratlona felidtODB aod appnipTlate. 
from the Zainrenne SeaUnel. 

WehiTo devDCedsoma little time in leaking over this Atlas, sod ccmpailng Its 
relativB merits with elmHar treatises heretofore published, and ftel bound to lujcord 
le It the highest degree af approbation and t^ror. 

fi-Dfit Life lUusk^ua. 

Thiametbodof using the eye In education, thonjh not the Toyal road to know- 
'*oS'l^'ort?^*i»r'l!''a5"'T*T'"'*'°^"* ^"""^ '"'"' ''°"' ^^ ''''"^' '^''''' 
atns, whlcii tlie teacher m^t not be abls to use, while eveS'one e"u toqli from^h» 
A^ ■WBTOomraoe H, wtthoat excopUon, tie best popular ivork on Obooiistry 

JVom a« IfoB Tori! IWfttHia. 
Mr.TonmanalsnotBmere routine temJher of his avotite science; be has hit 
upon novel and afltectlve meUiods fiw tbo UlustntfaHi of its principles. In his writ- 
logs, as well BE bis lectures, lie Is dlsHnpiWied (jr Hia comprehensive order of Ui 
ststoments, his symmetrical ammoement tf sdenUflo fiicCs, and the happy mannei 
In wMcEl he addresBes the intellect through the raedium of ocuUr demoa^ratlon. 1> 
Ihla last respect, hia melhod fs both orlgUiil Kid slngulaily ingoniout. 
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